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PREFACE

This Rate Training Manual is ore of a series of training manuals pre-
pared for enlisted personnel of the Navy and Naval Reserve who are
stidying for advancement in the Aviation Structural Mechanic E (AME)
rating. As indicated by the title, the manual is based on the professional
qualifications for the rates AME3 and AME2, as set forth in the Manual of
Qualifications for Advancement, NavPers 18068 (Series). A reading list,
which includes USAFI texts recommended as study material for AME per-
s mnel. is provided in the front of the manual.

Combined with the necessary practical experience, the completion of
this manual will greatly assist the AMEAN and AME3 in preparing for
advancement. This training manual should also be valuable as a review
source for the more senior rates.

This training manual was prepared by the Navy Training Publications
Center, NAS, Memphis, Millington, Tennessee, for the Naval Training
Command. Technioal review of the manuscript was provided by personnel
of the AME (A) School, NAS, Memphis, Millington, Tennessee, the Naval
Examining Center, Great Lakes, Illinois, and the Naval Aviation Integrated
Support Center, Patuxent River, Maryland. Technical assistance was also
provided by the Naval Air Systems Command.

1972 Edition

Stock Ordering Number
0502-051-5450
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THE UNITLD STATES NAVY

GUARDIAN OF OUR COUNTRY
The United States Navy is responsible for maintaining coMrol of the sea
and is a ready forc, on wotch at home and overseas, capable of strong
action to preserve the peace or of instant offensive action to win in war.

It is upon the maintenance if this control that our country's glorious
future depends, the United 'itates Navy exists la make it so

WE SERVE WITH HONOR

Tradition, valor, and victory are the Navy's heritage from the past. To
these may be added dedication, discipline, and vigilance as the watchwords
of the present and the future.

At home or on distant stations we serve with pride, confident in the respect
of our country, our shprnates, and our families

Our responsibihties sober us, our adversities strengthen us

Service to God and Country is our special privilege. We serve with honor

THE FUTURE OF THE NAVY

The Navy will always employ new weapons, new techniques, and
greater power to protect and defend the United States on the sea, under
the sea, and in the air.

Now and in the future, control of the sea gives the United States her
greatest advantage for the maintenance of peace and for victory in war.

Mobility, surprise, dispersal, and offensive power are the keynotes of
the new Navy. The roots of the Nuvy lie in a strong belief in te
iuture, in continued dedication to our tasks, and in reflection o'
heritage from the past.

Never have our opportunities and our responsibilities been
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READNG LIST
USAFI TEXTS

United States Armed Forces Institute (USAFI) courses for additional
reading and study are available through your Educational Services Officer.*
The following cours?s are recommended:

E 290 Physics I

E 291 Physics II

*"Members of the United States Armed Forces Reserve components,
when on active duty, are eligible to enroll for USAFI courses, services,
and materials if the orders calling them to active duty specify a period
of 120 days or more."
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CHAPTER 1

AVIATION STRUCTURAL MECHANIC E RATING

This training manual is designed as a self-
study text for use by those personnel of the Navy
and Naval Reserve who are preparing to meet
the professional (technical) qualifications for
advancement to petty officer third class and
petty officer second class in the rating of Avia-
tion Structural Mechanic E (Safety Equipment).
Minimum profesF.ional qualifications for ad-
vancement are listed in the Manual of Qualifica-
tions for Advancement, NayPers 18068 (Series).
In preparing for the advancement examination,
this manual should be studied in conjunction with
Military Requirements for Petty Officer 3 & 2,
NayPers 10056 (Series). The latter covers the
military requirements for all third and second
class petty officers, as well as detailed infor-
mation on the Naval Aviation Maintenance Pro-
gram (NAMP).

The intent of this chapter is to provide
information on the enlisted rating structure, the
AME rating, requirements and procedures for
advancement, and references that will help you
in performing your duties as an Aviation Struc-
tural Mechanic E. This chapter also includes
information on how to make the best use of Rate
Training Manuals. It is therefore strongly
recommended that you study this chapter care-
fully before beginning intensive study of the
remainder of the manual.

ENLISTED RATING STRUCTURE

The present enlisted rating structure con-
sists of general ratings and service ratings.

General ratings identify broad occupational
fields of related duties and functions. Some gen-
eral ratings include service ratings; others do
not. Both Regular Navy and Naval Reserve
personnel may hold general ratings.

Service ratings identify subdivisions or spe-
cialtles within a general rating which require
related patterns of aptitudes and qualifications,

1

and which provide paths of advancement fo
career development. The general ratingprovide
the primary means of identifying billet require
ments and personnel qualifications; it is estat
lished or disestablished by the Secretary of th
Navy; and it is provided a distinctive ratir
badge. The term "rate" identifies personm
occupationally. by pay grade. "Rating " refer
to the occupational field. Service ratings ca
exist at any petty officer level, but they ax
most common at the P03 and P02 levels. Bol
Regular Navy and Naval Reserve personnel rriz
hold service ratings.

AVIATION STRUCTURAL MECHANIC
(AM) RATING

The AM rating is divided into three servi4
ratings at paygrades E-4 through E-7. TI
service ratings are A.ME (Safety Equipmeni
AMS (Structures),and AMH (Hydraulics).

At paygrades E-8 the general rating, M
applies. Therefore, upon advancement to E-
paygrade E-7 personnel (AMEC's, AMSC's, a]
AMHC's) are combined to become Senior Avi,
tion Structural Mechanics (AMCS').

At paygrades E-9 the AM rating loses i

identity and personnel advance, along with ADC
to Master Chief Aircraft Maintenancemen(AF
CM's).

Figure 1-1 illustrates all paths of advanc
ment for an Airman Recruit to Master Chi
Aircraft Maintenanceman, Warrant Offic
(W-4), or to Limited Duty Officer. Shadedare
indicate places in the enlisted path of advanc
ment where qualified personnel may advance
Warrant Officer (W-1) and selected Warrx
Officers may advance to Limited Duty OfficE
Personnel in enlisted rates and warrant ran
not in a shaded area may advance only as int
cated by the lines.
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Chapter 1AVIATION STRUCTURAL MECHA/7IC E RATING

In view of the critical nature of the safet:,
?.quipment with which the AME is concerned,
present policy is that no Airman be designated
an AME striker and no Airman be promoted
to AME3 unless he is a graduate of the AME
Class A school located at the Naval Air Tech-
nical Training Center, NAS, Memphis, Milling-
ton, Tennessee. This policy helps to insure that
no unqualified personnel perform maintenance
on the aircraft's life-saving guseous and liquid
oxygen systems, and that no well-meaning but
untraiped mechanics inspect, install, adjust or
otherwise work on the ejection seat, which is so
necessary to survival when needed.

In addition to the items mentioned in the
foregoing paragraph, personnel in the AIvIE
rating maintain all other airborne safety equip-
ment, including safety belts and shoulder har-
nesses; canopy jettison systems; life raft re-
lease and fire extinguishing systems; the
air-conditioning, heating, and pressurization
systems; inercia reels; anti-g systems; and
visual improvement systems as well as asso-
ciated lines, fittings, rigging, valves, and control
mechanisms. In performing these duties the AM E
performs operational checks, locates troubles,
removes and replaces malfunctioning compo-
nents, and performs daily, preflight, postflight,
and periodic inspections under the assigned
AME scope.

Duty assignments available to the AME3
and AME 2 a:e limited only by the location of
operating aircraft. Billets exist on most car-
riers from the smallest to the largest. AME's
assigned aboard carriers may be attached either
to the ship or to one of the embarked squadrons.
Regardless of how assigned, he will be working
with other AME's assisting in keeping the air-
craft flying.

AME personnel play an equally important
role in patrol squadrons, which constitute a
portion of the nation's anti-submarine warfare
protection. By hard work and initiative, the AME
may become qualified as an aircrewman in
patrol type aircraft.

Many interesting overseas shore billets exist
for AME's. If married, some third class and
all second class petty officers may qualify to
bring their dependents to these overseas loca-
tions at government expense. Shorter duty tours
usually prevail at the few overseas stations
where dependents are not allowed or choose not
to go.

Between sea tours, the AME Third or Second
Class may be assigned to one of the many naval

air stations along the Gulf, East Coast, and West
Coast. In addition, a few naval air stations lo-
cated inland, from which aircraft are operated
and AME's may be assigned.

LEADERSHIP

One does not have to be a member of the
Armed Forces very long before he realizes that
more leadership is required of the higher rates.
Advancement not only entails the acquisition of
superior knowledge, but also the demonstrated
ability to handle people. This ability increases
in importance as one advances through the petty
officer rates.

In General Order No. 21, the Secretary of
the Navy outlined some of the most important
asdects of naval lcdc...rship. By naval leader-
ship is meant the art of r.Tomplishing the Navy's
mission through people. It is the sum of those
qualities of intellect, of hmnan understanding,
and of moral character th.tt enable a man to
inspire and to manage a group of people suc-
cessfully. Effective leadership taerefore is
based on personal example, good management
practices, and moral responsibility. The term
leadership includes all three of these elements.

The current Navy Leadership Program is
designed to keep the spirit of General Order
No. 21 ever before Navy personnel. If the
threefold objective is carried out effectively
in every command, the program will make
better leaders of men in their present and future
assignments. As one advances up the leadership
ladder, more and more of Lis worth to the Navy
will be judged on the basis of the amount of ef-
ficient work obtained from his subordinates
rather than how much of the actual work is
performed by himself.

For further information on the practical
application of leadership and supervision, the
latest edition of Military Requirements for Petty
Officer 3 & 2, NayPers 10056-C, should be
studied. The principles and problems of naval
leadership covered in NayPers 15924 (Series)
and the Leadership Checklist for Petty Officers,
NayPers 2932- will be useful tools in develop-
ing sound leadership traits.
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ADVANCEMENT

Some of the rewards of advancement are
easy to see. You get more pay. Your job as-
signments become more interesting and more
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challenging. You are regarded with greater
respect by officers and enlisted personnel.
You enjoy the sadsfaction of getting ahead in
your chosen Navy career.

The advantages of advancement are not yours
alone. The Navy also profits. Highly trained
personnel are essential to the functioning of the
Navy. By advancement, you increase your value
to the Navy in two ways: First, you become
more valuable as a technical specialist in your
own rating; and second, you become more
valuable as a person who can train oth-..rs and
thus make far-reaching contributions to the
entire Navy.

HOW TO QUALIFY
FOR ADVANCEMENT

What rr ust you de to qualify for advancement?
The requirements may change from time to
time, but usually you must:

1. Have a certain amount of time in your
present grade.

2. Complete the required Rate Training
Manuals by either demonstrating a knowledge
of the material in the manual by passing a
locally prepared and administered test, or by
passing the Enlisted Correspondence Course
based on the Rate Training Manual.

3. Utilizing an appropriate Personnel Quali-
fication Standard (when applicable)as a guideline,
become qualified and demonstrate your ability
to perform all the practical requirements for
advancement by completing the Record of Prac-
tical Factors, NayPers 1414/1.

4. Be recommended by your commanding
officer, after the petty officers and officers
supervising your work have indicated that they
consider you ca:uble of performing the duties
of the next higher rate.

5. Successfully complete the applicable mili-
tary/leadership examination which is required
prior to participating in the advancement (pro-
fessional) examination.

Some of these gentr requirements may be
modified in certain ways. Figure 1-2 gives a
more detailed vt:Av of the requirements for
advancement cf tive duty personnel; figure
1-3 gives this 1.iformation for inactive duty per-
sonnel.

Remember f equirements for ad-
vancement can ci Check with your edu-
cational services otfice to be sure that you
know the most recent requirements.
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Advancement is not automtL lc. After ynu have
met all the requirements, you are eligible for
advancement. You will actually be advanced
only if you meet all the requirements (including
making a high enough score on the written
examination) and if quotas permit.

HOW TO PREPARE
FOR ADVANCEMENT

What must you do to prepare for advance-
ment? You must study the qialifications for
advancement, work on the personal qualification
standard and practical factors, study the re-
quired Rate Training Manuals, and study other
material that is required. You will need to be
familiar with the following:

1. Manual of Qualifications for Advance-
ment, NayPers 18068 (Series).

2. Personnel Qualification Standard for the
equipment/system and rating assigned.

3. Record of Practical Factors, NayPers
1414/1.

4. Bibliography for AdvanceMent Study,
NavTra 10052 (Series).

5. Applicable Rate Training Manuals and
their compan ion Enlisted Correspondence
Courses.

6. Examinations for advancement.

Collectively, these documents make up an
integrated training package tied together by the
qualifications. The following paragraphs de-
scribe these materials and give s.-me Inf(Trna-
tion on how each one is related tothk. uchers.

"Quals" Manual

The Manual of Qualifications for Advance-
ment, NayPers 18068 (Series) gives the mini-
mum requirements for advancement. This man-
ual is usually called the "Quals" Manual, and
the qualifications themselves are often called
"quals". The qualifications are of two jeneral
types: military requirements, and professional
(or technical) qualifications.

Military requirements apply to all ratings
rather than to any one particular rating. Mili-
tary requirements for advancement to third
class and second class petty officer rates deal
with military conduct, naval organization, mili-
tary justice, security, watch standing, and other
subjects which are required of petty officers in
all other ratings.
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REQUIREMENTS El to E72 E2 to E3
kt E3it
tu ' .

6 rnos.

as El

r T1E4
Ec

u J

12 mos.

as E.4

t E5
E6

t 6 IE

to [7

36 mos.
as E.6.
8 years

total

enhsted
service.

t El
E8

36 mos.

as E.7.
8 of 11

years

total

service

must be
enlisted,

t E8
to E9 1

SERVICE

4 mos.

service
Or

comple-
tion of

8 mos

as E-2.

14 mos.

as E-5.
24 mos.

as E.8.
10 of 13

years

total
service

must be
enlisted.

SCHOL

Recruit
Training.
(c.o.
may ad-
vance up
to 10%
of gradu-
ming
doss.)

Class A
t9r

3

PR3,

OT,PT3,
AME 3,
UM 3,
PN 3,
FT B 3,
MT 3,

.

Class B

for AGC

MUC,

MNC. t t

PRACTICAL

FACTORS

Locally
dprepare

check-
offs.

Record of Practical Factors, ItayPers 1414/1, must be

completed for E3 and all PO advancements.

PERFORMANCE

TEST

:::.,..

...

Specified ratings must complete

applicable performance tests be-

fore taking examinations.

ENLISTED

PERFORMANCE

EVALUATION

As used by CO

when approving

advancement.

Counts toward perthrmance factor credit in ad-

vancement multiple.

EXAMINATIONS
1-"allY

Prepared
tests.

See

below.

Navy-wide examinations required

for ail PO advancements.

Navywide,

selection board.

RATE TRAINING

MANUAL (INCLUD.

INC MILITARY

REQUIREMENTS)

Required for E-3 and all PO advancements
unless waived because (If school comple-

tion, but need t)i be trleated if identical
course has a ylrvat] hi.,ni completed. See

NarPers 10(Th: (current edition].

Correspondence

courses and
recommended

reading. See

NarPers 10052

(current edition).

AUTHORIZAT!ON
Commanding

Officer

,

Naval Examining Center

* All advancements require commanding officer's recommendation.
+ 1 year obligated service required for E-5, and E-G: 2 years for E-7,E-8, and E-8..
# Military le?dership exam required for E-4 and E-5.
** For E-2 to E-3, NAVEXAMCEN exams or locally prepared tests may be used.

kt Waived for qualified EOD personnel.

Figure 1-2.Active duty advancement requirements.
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I
REOUIREMENTS £1 to £2 to

E2 E3 I

E3 to

E4

E4 to I

E5

15 to

E6

E6 to

E1
E8 E9

TOTAL TIME

IN GRADE
4 mos. 8 mos. 6 mos. 12 mos. 24 mos.

36 mos.
with

total

8 yrs
service

36 mos

with

total

11 jrs
service

24 mos.

witti

total

13 yrs

service

TOTAL TRAINING

DUTY IN GRADE t 14 days 14 days 14 days 14 days 28 days 42 days 42 days 28 days

PERFORMANCE Specified ratings must complete applicab a

TESTS I. pertormance tests before taking examination.
i

DRILL

PARTICIPATION
Satisfactory participation as a member of a drill unit

in accordance wnn BUPERSHIST 5400.42 series.

PRACTICAL FACTORS

(INCLUDING MILITARY

REQUIREMENTS)

Record of Practical Factors. Nav Pars 1414/1, must be completed
for all advancements.

RATE TRAINING

MANUAL (INCLUDING

MILITARY REQUIRE

MENTS)

Completion of applicable course or courses must be entered
in service record.

EXAMINATION Standard Exam

Standard Exam

required for all PO
advancements.

Also pass

Military leadership Exam

for E.4 and (-5.

Standard Exam,

Selection Board.

AUTHORIZATION
Commanding

Officer Naval Exarnining Center

*Recommendation by commanding officer required for all advancements.
Active duty periods may be substituted for training duty.

Figure 1-3.Inactive duty advancement requirements.
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Professional qualifications are technical or
professional requirements that are directly
relafed to the work of each rating.

Both the military requirements and the pro-
fessional qualifications are dividied into subject
matter groups; then, within each subject matter
group, they are divided into practical factors
and knowledge factors. Practical factors are
things you must be able to DO. Knowledge factors
are things you must KNOW in order to perform
the duties of your rate.

The qualifications for advancement and a
bibliography of study materials are available
in your educational services office. Study these
qualifications and the military requirements
carefully. The written examination for advance-
ment will contain questions relating to the
knowledge factors and the knowledge aspects of
the practical factors of both the military re-
quirernents and the profsional qualifications.
If you are working for '-.ancement to second
class, remember that yi,u may be examined on
third class qualifications as well as on second
class qualifications.

It is essential that the "quals" reflect current
requirements of fleet and shore operations, and
that new fleetwide technical, operational, and
procedural developments be included. For these
reasons, the qualifications are continually under
evaluation. Although there is an established
schedule for revisions to the "quals" for each
rating, urgent changes to the "quals" may be
made at any time. These revisions are issued
in the form of changes to the "Quals" Manual.
Therefore, never trust any set of "(foals" until
you have checked t',k hange number against an
up-to-date copy : the "Quals" Manual. lie sure
you have the late:'

Personnel Qualification Standards

Personnel Qualification Standards (PQS) are
presently being developed to provide guidelines
in preparing for advancement and qualification
to operate specific equipment and systems. They
are designed to support the advancement re-
quirements au stated in the "Quals" Manual.

The "Quals" and Record of Practical Factors
are stated in broad terms. Each PQS is much
more specific in its questions that lead to
qualification. It provides an analysis of specific
equipmtmt and duties, assignments, or respon-
Hibilities which an individual or group of in-
dividuals (within th same rating) may be called
upon to carry out. In other words, each PQS

7

provides an analysis of the complete knowledge
and skills requirA of that rating tied to a
specific weapon system (aircraft and, or in-
dividual syste:.,s or components).

Each qualification standard has four main
ibdivisions in addition to an introduction and

ssary of PQS terms. They are as follows:

00 Series-Theory
200 Series-Systems
300 Series-Watchstations (duties, assign-

ments, or responsibilities).
400 Series-Qualification cards

The introduction explains the complete use
of the qualification standard in terms of what
it will mean to the user as well as how to use it.

The Theory (100 Series) section specifies
the theory background required as a prerequisite
to the commencement of study in the specific
equipment or system for which the PQS was
written. These fundamentals are normally taught
in the formal schools (Preparatory, Funda-
mentals, and Class A) phase of an individual's
training. However, if the individual has not been
to school, the requirements are outlined and
referenced to provide guidelines for a self-study
program.

The Systems (200 Series) section breaks
down the equipment or systems being studied
into functional sections. PQS items are es-
sentially questions asked in clear, concise
statement (question) form and arranged in a
standard format. The answers to the questions
must be extracted from the various mainten-
ance manuals covering the equipment or systems
for which the PQS was written. This section asks
the user to explain the function of the system,
to draw a simplified version of the system
from memory, and to Use this drawn schematic
or the schematic provided in the maintenance
manual while studying the system or equipment.
Emphasis is given to such areas as maintenance
management procedures, components, compon-
ent parts, principles of operation, system triter-
rdations, numerical values considered neces-
sary to operation and maintenance, and safety
procautionS.

The Watchstation (300 series) section in-
cludes questions regarding the procedures the
individual must k,low to operate and maintain the
equipment or system. A study of tile items hi
the 200 series u ect ion provider; the individual
with the required information concerning what
the system or equipment does, how it does it,
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and other pertinent aspects of operation. In the
300 series section, the questions advance the
qualification process by requiring answers or
demonstrations of ability to put this knowledge
to use or to cope with maintaining of the system
or equipment. Areas covered include normal
operation; abnormal or emergency operation;
emergency procedures which couldlimit damage
and/or casualties associated with a particular
operation; operations that occur too infrequently
to be considered mandatory performance items;
and maintenance procedures/instructions such
as checks, tests, repair, replacement, etc.

The 400 series se...t ion consists of the qualif
cat ion cards. These cards are the accounting
documents utilized to record the individual's
satisfactory completion of items necessary for
becoming qualified in duties assigned. Where
the individual starts in completing a standard
will depend on his assignment within an activity.
The complete PQS is given to the individual
being qualified so that he can utilize it at every
Opportunity to become fully qualified in all
areas of his rating and the equipment or system
for which the PQS was written. Upon transfer
to a different activity, each Mdividual must
requalify. The answers to the questions asked
in the qualification standards may be given
orally or in writing to the supervisor, the
branch or division officer, and maintenance
officer as required to certify proper qualifi-
cation. The completion of part or all of the
PQ.S provides a basis for the supervising petty
officer and officer to certify completion of
Practical Factors for Advancement,

Record of Practical Factors

Before you can take the Navy-wide examina-
tion for advancenwnt, there must be an entry in
your service record to show that you have
qualified in the practical factors of both the
military requirements and the professional
qualifications. A Mpectal form known au the
Record of Practical Factors, NavPers 1414/1
(plus the abbreviation of the appropriate rating),

(Med to keep a record of your practical
factor qual if icat MB. The form lists all practical
factors, both niilitary and professional. AM you
demonstrate your ability to perform each prac-
tical factor, appropriate entries are made in
tlw DATE and INITIALS columns.

Changes are made perkidically to the Manual
of Qualifications for Advancement and revised
forms of Nal/Peril 1414/1 are provided when

8
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necessary. Extra space is allowed on the Record
of Practical Factors for entering additional
practical factors as they are published in
changes. The Record of Practical factors also
provides space for recording demonstrated
proficiency in skills which are within the general
scope of the rate but which are not identified
as minimum qualifications for advancement.

If you are transferred before you qualify in
all practical factors, NavPers 1414/1 should be
forwarded with your service record to your next
duty station. You can save yourself a lot of
trouble by making sure that this form is actually
inserted in your service record before you are
transferred. If the form is not in your service
record, you will he required to start all over
again and requalify in the practical factors
Which have already been checked off.

A second copy of the Record of Practical
Factors should be made available to each man
in pay grades E-2 through E-8 for his personal
record and guidance.

The importance of NavPers 1414/1 cannot
t overemphasized. It serves as a record to
indicate to the petty officers and officers
supervising your work that you have demon-
strated proficiency in the performance of the
indicated practical factors and is part of the
criteria utilized by your commanding officer
when he considers recommending you for ad-
vancement. In addition, the proficient demons-
tration of the applicable practical factors listed
on this forin ,an aid you in preparing for the
examination for advancement. Remember that
the knowledge aspects of the practical factors
are covered in the examinations for advance-
ment. Certain knowledge is required to demon-
strate these practical factors and additional
knowledge can be acquired during the demons-
tration. Knowledge factors pertain to that
knowledge which is required to perform a
cerlain Job. In other words, the knowledge
factors required for a certain rating depend
upon the Jobs (practical factors) that must be
performed by personnel of that rating. There-
fore, the knowledge required to proficiently
demonstrate these practical factors will de-
finitely aid you in preparing for the examination
for advancement.

NavTra 10052

bibliography for Advancement Study, NavTra
10052 (Series), is a very Important publication
for anyone preparing for advancement. This
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bibliography lists required and recommended
Rate Training Manuals and other reference
material to be used by personnel working for
advancement. NavTra 10052 is revised and
issued once each year by the Naval Training
Command. Each revised edition is identified by
a letter following the NavTra number. When
using this publication, be sure that you have
the most recent edition.

If extensive changes in qualifications occur
between the annual revisions of NavTra 10052,
a supplementary list of study material may be
issued in the form of a Notice. When you are
preparing for advancement, check to see whether
changes have been made in the qualifications.
If changes have been made, see if a Notice has
been issued to supplement NavTra 10052.

The required and recommended references
are listed by rate level in NavTra 10052. If
you are working for advancement to third class,
study the material that is listed for third class.
If you are working for advancement to second
class, study the material that is listed for
second class. Remember that you are also
responsible for the references listed at the
third class level.

In using NavTra 10052, you will notice that
some Rate Training Manuals are marked with
an asterisk (*). Any manual marked in this
way is MANDATORYthat is, it must be com-
pleted at the indicated rate level before you are
eligible to take the Navy-wide examination for
advancement. Each mandatory manual may be
completed by passing the appropriate enlisted
correspondence course that is based on the
mandatory training manual; passing locally
prepared tests based on the information given
in the training manual, or in sonic cases,
successfully completing an appropriate Class A
School.

Do not overlook the section of NavTra 10052
which lists the required and recommended
references relating to the military standards/
requirements for advancement. For example,
all personnel must complete the Rate Training
Manual, Military Requirements for Petty Officer
3 & 2, NavPers 10056 (Series), for the appro-
priate rate level before they can be eligible to
advance.

The references in NavTra 10052 which are
recommended, but not mandatory, should also
be studied carefully. All references listed in
NavTra 10052 may be used as source material
for the written examinations at the appropriate
rate level S.
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Rate Training Manuals

There are two general types of Rate Train-
ing Manuals. Rating manuals (such as this one)
are prepared for most enlisted rates, giving
information that is directly related to the pro-
fessional qualifications. Basic manuals give
information that applies to more than one rate
and rating. Basic Electricity, NavPers 10086
(Series), is an example of a basic manual,
because many ratings use it for reference.

Rate Training Manuals are produced by field
activities under the management control of the
Chief of Naval Training, exercised through the
Naval Training Support Command. Manuals are
revised from time to time to keep them up to
date technically. The numbering system is being
changed from NavPers to NavTra, The revision
of a Rate Training Manual is identified by a
letter following the NavPers or NavTra number.
You can tell whether any particular copy of a
Rate Training Manual is the latest edition by
checking the Lumber in the most recent edition
of List of Training Manuals and Correspondence
Courses, NavTra 10061 (Series). NavTra 10061
is actually a catalog that lists training manuals
and correspondence courses; you will find this
catalog useful in planning your study program.

Rate Training Manuals are designed to help
you prepare for advancement. The following
suggestions may help you to make the best use
of this manual and other Navy training publica-
tions when you are preparing for advancement.

1. Study the military requirements and the
professional qualifications for your rate before
you study the training manual, and refer to the
"quals" frequently as you study. Remember,
you are studying the training manual in order
to meet these "quals."

2. Set up a regular study plan. If possible,
scheduled your studying for a time of day when
you will not have too many interruptions or
distractions.

3. Before you begin to study any part of the
training manual intensively, become familiar
with the entire manual. Read the preface and
the table of contents. Check through the index.
Look at the appendixes. Thumb through the
manual without any particular plan, looking at
the illustrations and reading bits here and there
as you see things that interest you.

4. Look at the training manual in more detail,
to see how it is organized. Look at the table of
contents again. Then, chapter by chapter,
read the introduction, the headings, and the
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subheadings. This will give you a clear picture
of the scope and content of the manual. As you
look through the manual in this way, ask your-
self son e questions-, What do I need to learn
about this? What do I already know about this?
How is this information related to information
given in other chapters? How is this information
related to the qualifications for advancement?

5. When you have a general idea of what is
in the training manual and how it is organized,
fill in the details by intensive study. In each
study period, try to cover a complete unitit
may be a chapter, a section of a chapter, or a
subsection. If you know the subject well, or if
the material is easy, you can cover quite a lot
at one time. Difficult or unfamiliar material
will require more study time.

6. In studying any one unitcir pter, section,
or subsectionwrite down the questions that
occi.f' to you. Many people find it helpful to
make a written outline of the un(t as they study,
or at least to write down the most important
ideas.

7. As you study, relate the information in
the training manual to the knowledge you already
have. When you read about a process, a skill,
or a situation, try to see how ft!. information
ties in with your own past experience.

8. When you have finished studying unit,
take time out to see what you have learned.
Look back over your notes and questions.
Maybe some of your questions have been ans-
wered, but perhaps you still have some that
are not answered. Without referring to the
training manual, write down the main ideas that
you have learned from studying this unit. Do
not quote the manual. If you cannot give these
ideas in your own words, the chances are that
you have not really mastered the information.

9. Use Enlisted Correspondence Courses
wnenever you can. The correspondence courses
are based on Rate Training Manuals or on other
appropriate texts. As mentioned before, com-
pletion of a mandatory Rate Training Manual
can be accomplished by passing an Enlisted
Correspondence Course based on the Rate Train-
trig Manual. You will probably find it helpful
to take other correspondence courses, as well
as those based on mandatory training manuals.
Taking a correspondence course helps you to
master the information given in the training
manual, and also helps you see how much you
have learned.

10. Think of your future as you study Rate
Training Manuals. You are working for
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advancement to third class or second class
right now, but someday you will be working
toward higher rates. Anything extra that you
can learn now will help you.

SOURCES OF INFORMATION

One of the most useful things you can learn
about a subject is how 'o find out more about it.
No single publication can give you all the infor-
mation you need to perform the duties of your
rating. You should learn where to look for
accurate, authoritative, up-to- :ate information
on all subjects related to the military require-
ments for advancement a.id the professional
qualifications of your rating.

Some of the publications described in this
manual are subject to change or revision from
time to timesome at regular intervals, others
as the need arises. When using any publication
that is subjcct to change or revision, be sure
that you have the latest edition. When using any
publication thst is kept current by means of
changes, be sure you have a cop) in which all
official changes have been made. Studying can-
celed or obsolete iaformation will not help you
perform e.ficientiy cr to advance; it is likely
to be a waste of time, and may even be seriously
misleading.

Stime publications that you will need to study
or r.3fer to as you prepare for advancement have
already been discussed earlier in this chapter.
Additional publications that you may fhd useful
are as folliTs:

Tools and Their Uses, NavPers 10085-B.
Blueprint Reading and Sketching, NavPers

10077-C.
Basic Electricity, NavPers 10086-B (Chap-

ters 1, 2, and 4).
Fluid Power, NavPers 16193-B.
In addition, you may find it useful to consult

some of the Rate Training Manuals prepared for
other Group DC (Aviation) ratings. Reference to
these Rate Training Manuals will add to your
knowledge of the duties of other personnel in the
field of aviation.

Naval Air Systems Command (NavAir) pub-
lications of significant interest to the AME are
discussed in chapter 2 of this manual.

Training films available to naval personnel
are also a valuable source of information on
many technical subjects. These films are listed
in the United States Navy Film Catalog, NavAir
10-1-777, and supplements.



CHAPTER 2

AERONAUTIC PUBLICATIONS

Aeronautic pubikaf as are i sued by author-
ity of the Commande o. thc Naa1 Air Systems
Command. These puic4 irns 2.1. * lie sources
of information for gu: A-1g raval personnel in
the operation and main,coarce of all aircraft
and related equipment witliin the Naval Estab-
lishment. By proper use of these publications,
all aircraft and other aeronautic equipment can
be operated and maintained efficiently and uni-
formly throughout the Navy.

Aeronautic publications may p,rouped into
two major classes or groupsLa issued in
the form of MANUALS, and tho,,, ,r,ued in the
form of LETTER MATERIAL.

When a new aircraft, engine, accessory, or
other item of equipment is accepted by the Navy,
manuals necessary to insure its proper opera-
tion and upkeep are prepared and issued to all
activities using and/or maintaining the equip-
ment. Supplemental information and other di-
rective type publications that must be issued
from time to time are issued in the form of
letter material. Both manual and letter publica-
tions may, on occasion, be properly referred to
as directives. Broadly speaking, any commun-
ication which initiates or governs action, con-
duct, or procedure is a directive.

All aeronautic publications, both manual and
letter type, are assigned a title and code num-
ber. When they are available for issue, all
publications, except Instructions and Notices,
are listed in the Naval Aeronautic Publications
Index.

NAVAL AERONAUTIC PUBLICATIONS
INDEX

The Naval Aeronautic Publications Index is
made up of six parts, each of which serves a
specific purpose. They are identified as follows:

Airborne Weapons/Stores, Conventional/Nu-
clear, Checklists/Stores Reliability Cards/

Manual, NavAir 01-700. This part of the publi-
cations index is not used by AME personnel and
therefore is given no further coverage in this
chapter.

Navy Stock List of Forms and Publications,
NavSup Publication 2002, Section VIII, Parts C
and D, Numerical Sequence List (also referred
to as Numerical Index).

Equipment Applicability List (Volumes 1
through 7), NavAir 00-500A.

Aircraft Application List, NavAir 00-500B.
Directives Application List, NavAir 00-500C.
Letter Type Technical Directives Equipment

and Subject Application List, NavAir 00-500D.
A description of these lists and their uses is

presented in the following paragraphs.
NUMERICAL SEQUENCE LIST

NavSup Publication 2002 is a 13-section
of all the forms and publications used throughout
the Navy and stocked by the Naval Supply Sys-
tems Command. Section VIII of this Stock List
contains Naval Air Systems Command (NavAir-
SysCom) publications. This section is made up
of four partsA, B, C, and D. Parts A and B
pertain to ordnance publications. Part C is the
numerical listing of manual type aeronautic tech-
nical publications, and Part D is the numerical
listing of letter type publications. These two,
Parts C and D, are referred to as the Numerical
Sequence List or Numerical Index of the Naval
Aeronautic Publications Index.

Part C (manual publications) contains its
table of contents, as well as the instructions for
using both Parts C and D of NavSup Publication
2002. Included in these instructions are the
method for procuring aeronautic publications,
the forms and procedures required for ordering
publications, and explanations of certain codes
used in the Index. Also a listing of canceled
publications for Part C is contained in the last
pages of Part C.
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Part C is divided into subject matter groups,
and all publications within a group are then
listed in numerical order. For example, all
manuals in the 00 series are listed first, then
followed by the 01, 02, 03, etc., through the 51
series. The listing includes the publication code
number, stock number, title, date of latest issue
or revision, security classification, requisition
restriction code, and basic or change code. A
listing of the general subject groups is shown in
table 2-1.

Part D (letter type directives) contains a
table of contents, a general alphabetical cross-
reference listing, and a listing of Air Force-
Navy code cross-references.

Table 2-1.General subject classification num-
bers for manual type publications.

General 00
Air craft 01
Powerplants 09

(02A reciprocating engines, 02B jet
engines, 02F rocket engines)

Accessories 03
Hardware and Rubber Material 04
Instruments 05
Fuels, Lubricants, and Gases 06
Dopes and Paints 07
Electronics 08 ea 16
Instructional Equipment and Training

Aids 09 ea 28
Photography 10
Aviation Armament 11
Fuel and Oil Handling Equipment 12
Parachute and Personal Survival

Equipment 13
Hangers and Flying Field Equipment 14
Standard Preservation and

Packaging Instructions 15
Machinery, Tools, and Test

Equipment 17 ea 18
Ground Servicing and Automotive

Equipment 19
Descriptive Data Sheets for Aviation

Support Equipment 20
(Being superseded by Ground Support
Equipment Illustrations (GSEI))

Chemical Equipment 24 & 39
Meteorology 50
Ship Installations 51

Part D is divided into a number of subsec-
tions. Included among those of interest to the
AME are general, aircraft, accessories, and
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support equipment. Listed in the general section
are Aircrew System Bulletins and Changes,
Aviation Clothing and Survival Equipment Bulle-
tins and Changes, Technical Orders, and Tech-
nical Notes. In the aircraft section are listed
all Aircraft Changes and Bulletins. The acces-
sories section contains a listing of all Acces-
sories Changes and Bulletins. The support equip-
ment section contains a listing of all Support
Equipment Changes and Bulletins.

The Numerical Index must be used to com-
pletely identify and, therefore, to order required
publications. However, the other parts of the
Index (discussed in the following paragraphs)
must be used to determine what publications are
available for a specific item of equipment and to
check the applicability of publications to specific
equipment.

When an applicable publication number is
found in one of the other parts of the Naval
Aeronautic Publicatior. Index, it can be easily
located in the Numerical Index. Here, it can be
more completely identified as to title and no-
menclature, stock number (for manual type
publications), security classification, and any
restrictions concerning the requisitioning of the
publication. In addition, the date of the latest
issue or revision of the publication is listed.
This provides a means whereby the issue and/or
revision dates of the publications on hand in an
activity can be checked against the dates listed
in the current issue and supplement (discussed
later) of the Numerical Index, thus assuring that
the publications are current.

EQUIPMENT APPLICABILITY LIST

Basically, the Equipment Applicability List,
NavAir 00-500A, is a cross-reference index
listing of Naval Air Systems Command (NavAir-
SysCom) publications of aircraft components
and related equipment according to model, type,
or part number.

Since this index contains several thousand
entries, one volume would be very cumbersome
to use. For this reason, this index is divided
into several volumes. At the time of this writing,
there are seven volumes.

With the exception of several small sections
in the first part of Volume 1, the Equipment
Applicability List is one continuous index of
model, type, or part numbers in alphanumerical
sequence.

In ackiition to an Introduction, which explains
the headings at the top of each page, the other
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sections in the first part of Volume 1 pertain
primarily to manuals for aircraft, weapons sys-
tems, and aircraft engines. Therefore, the publi-
cation numbers are listed according to aircraft,
aircraft engine, and weapons system designation.

The Equipment Applicability List should be
used when attempting to determine what publica-
tions are available on a particular item of equip-
ment, and the manufacturer and part number of
the item are known.

AIRCRAFT APPLICATION LIST

The Aircraft Application List, NavAir 00-
500B, contains a listing of all manuals grouped
according to their application to an aircraft.
This part of the index does not contain listings
of any letter type publications, and all manuals
are listed by publication code number only.

A list of basic numbering categories is pro-
vided in the front of the book. This list may be
used in determining the general type of equip-
ment covered in a publication. For determining
the specific item of equipment covered by a
publication and the title of the publication, refer-
ence should be made to Part C of Section VIII in
NavSup Publication 2002.

The Aircraft Application List is especially
handy for determining what manuals are avail-
able for a particular model of aircraft. Included
under each model is a complete listing of ap-
plicable manuals. This listing includes all al-
lowance lists, aircraft manuals, engine manuals,
accessories manuals, etc., pertaining to that
particular model of aircraft.

DIRECTIVES APPLICATION LIST
BY AIRCRAFT CONFIGURATION

The Directives Application List by Aircraft
Configuration, NavAir 00-500C, contains a list-
ing of the active Naval Air Systems Command
letter type technical directives with respect to
their applicability to aircraft. The lists in this
volume are arranged first by aircraft series,
second by aircraft configuration, and third by
Airframe/Aircraft Bulletin and/or Change num-
bers. NOTE: Configuration refers to modifi-
cations made to a basic aircraft model. For
instance, A-4A, A-4B, TA-4F, etc., are all
different configurations of the A-4 aircraft
model.
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EQUIPMENT AND SUBJECT
APPLICABILITY LIST

The Equipment and Subject Applicability
List, NavAir 00-500D, is a relatively recent
addition to the Naval Aeronautic Publications
Index. It contains a cross-reference index list-
ing of Naval Air Systems Command letter type
technical directives. It serves the same purpose
for letter type technical directives as the Equip-
ment Applicability List, NavAir 00-500A, does
for technical manuals. However, since the Nav-
Air 00-500D lists only those model/type part
numbers for which technical directives have
been issued, it is much smaller than the NavAir
00-500A. The complete List is contained in one
volume but is divided into two parts. Part A is
the Equipment Index and Part B is the Subject
Index.

Part A contains a listing of all Naval Air
Systems Command letter type technical direc-
tives on aircraft components and related equip-
ment by model/type part number. Each number
is listed in alphanumerical sequence within its
cognizant equipment series. At the present
time, Part A is divided into nine series. The
Accessories, Aircrew Systems, and Clothing and
Survival Equipment Series are of most interest
to AM personnel.

Part B of NavAir 00-500D contains a listing
of active Naval Air Systems Command letter
type directives by subject. This part of the List
pertains primarily to Airframe Bulletins and
Changes.

UPDATING THE INDEX

Each List in the Naval Aeronautic Publica-
tions Index is updated at regular intervals by
the issuance of a new list. In addition, some of
these Lists are kept current by the periodic
issuance of supplements between issues of the
Basic List. The dates and intervals of the is-
suance of new Lists and supplements have
changed from time to time in the past.

At the time of this writing, the Numerical
Index (Parts C and D of NavSup Publication 2002)
is issued annually in September. Supplements
are issued bimonthly between each basic issue.
The Equipment Applicability List, NavAir
00-500A, is issued annually in November. This
List is kept current by the issuance of quarterly
supplements between each basic issue. The Air-
craft Application List, NavAir 00-50013, is issued
in March and September, and the Directives
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Application List by Aircraft Configuration, Nav-
Air 00-500C, is issued in January and July of
each year. Supplements are not issued for these
Li sts.

The Equipment and Subject Application List,
NavAir 00-500D, is issued in May and November
of each year, and as of thls writing, supplements
will be issued as the information is developed.

Supplements list all aeronautic publications
distributed during the previous period, and those
publications that have been superseded, can-
celed, or revised. Supplements are cum tative,
that is, all material from the preceding supple-
ment is incorporated in the latest supplement;
therefore, at any given time, not more than one
supplement is in effect for any List. Naturally,
the reissue of a basic List cancels the outstand-
ing supplement.

Supplements for the Numerical Index (Parts
C and D of Section VIII of NavSup Publications
2002) are identified by the word "supplement"
printed near the upper right-hand corner of the
cover. Supplements to the NavAir 00-500A Series
publications are identified by the word "supple-
ment" printed in the middle of the cover page.

PUBLICATIONS NUMBERING SYSTEM

Code numbers are assigned to all publica-
tions in order that they may be identified, in-
dexed, and filed. A knowledge of the numbering
systems used will enable the AME to locate any
desired information with a minimum of effort.
A brief explanation of the coding of manuals
listed in the index is given in the following sec-
tions. Coding for letter type material is covered
later in this chapter.

Code numbers assigned to manuals consist
of a prefix and a series of three parts. The pre-
fix consists of letters which identify the origi-
nator of the publication.

NavAir is the prefix assigned to technical
publications originated by the Naval Air Sys-
tems Command. In the stock list, it is shortened
to NA.

The three parts which make up the remain-
ing portions of the number indicate the following:

Part I is a two-digit number that indicates
the general subject 'classification of the equip-
ment covered by the publication. Table 2-1 lists
the general subject categories and the appro-
priate two-digit numbers.

Part II of the publicatioL code number con-
sists of numbers and/or numbers and letters
and indicates the specific class, group, type,
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or model and manufacturer of the equipment.
The subject breakdowns are listed at the begin-
ning of each separate major division within the
Numerical Index.

Part III consists of a number or numbers
which designate a specific manual. For aircraft
and powerplants, this number designates a spe-
cific type of manual. For other types of equip-
ment, this part is assigned in numerical sequence
and has no reference to the type of manual.

Figure 2-1 illustrates the identification and
decoding of a complete manual publication num-
ber.

SECURITY OF CLASSIFIED
PUBLICATIONS

The Department of the Navy Security Manual
for Classified Information (OpNav Instruction
5510.1 Series), issued by the Chief of Naval
Operations, is the basic security directive re-
lating to safeguarding classified information.
Its provisions apply to all military and civilian
personnel and to all activities of the Naval
Establishment.

The manual contains detailed instructions for
classifying, marking, and handling classified
information, and for access to and authorized
disclosure of the information.

The AMF, from time to time, has occasion
to use classified publications relating to the
performance of his work. Before he accepts such
publications he must be cleared to the appro-
priate degree to handle this classified matter.
It is then mandatory that he have knowledge of
and abide b'y the instructions in the Security
Manual pertaining to handling classified ma-
terial.

Publications listed in the Numerical Index
(Parts C and D of Section VIHof NavSup Publica-
tion 2002) are unclassified unless otherwise
marked "1" (confidential) or "4" (secret) in the
column headed PS (physical security). The Index
is not classification authority. The supplements
to the Index contain information of classifica-
tion action on "when-occurring" basis.

MANUAL TYPE PUBLICATIONS

To attain a satisfactory state of readiness,
technical manuals are developed, published, and
distributed concurrently with the weapon system
or equipment that they cover. Periodic changes
and revisions are issued as necessary to insure
that manuals continually reflect equipment
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Prefix Part I Part II Part III

A NavAirSysCom originated publication
pertaining to an aircraft
built by Grumman A io.raft Engineering Corporation
The particular model is the A-6A,

the publication is a Maintenance Instructions Manual,

NA
_1_
01 85 ADA

and this entire code number identifies a particular volume
of the Maintenance instructions Manual.

Figure 2-1.Identification and decoding of

changes and current operational and support
concepts and procedures.

The Rapid Action Change (RAC) System pro-
vides a quick response capability for the delivery
of urgently required technical information.
Under this system, information affecting flight
safety, hazards to personnel, or grounding of
aircraft is disseminated via naval message and
immediately incorporated into the affected man-
ual. A manual change page followup is then re-
quired within 15 days of the release of the mes-
sage. Information of a less urgent nature is
disseminated by RAC change pages that must be
printed within 30 days after problem resolution
and is generally limited to 12 pages or less.

The RAC System for manual changes re-
places the previous Interim Manual Change Sys-
tem but does not affect the normal manual
change and revision requirements. It merely
supplements the existing Normal Change Sys-
tem to provide for rapid issue of urgently re-
quired data which previously was not available
to the user for long periods of time due to sys-
tem red tape, such as routing and printing delays.

As shown in table 2-1, manuals are published
in a number of different general subject cate-
gories. Those of special interest to the AME3
and AME2 are the General Manuals (00 series),
Aircraft Manuals (01 series), and the Accesso-
ries Manuals (03 series). Certain manuals in
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AM.176
manual publication code number.

other series may be usedoccasionally, but those
listed here are of special importance to the
Aviation Structural Mechanic.

GENERAL MANUALS (00 SERIES)

2 1

As indicated by the title, this series of man-
uals includes information of interest to all naval
aviation personnel. Included are four parts of
the Naval Aeronautic Publications Index (00-
500A, 00-500B, 00-500C, and 00-500D, already
described), NavAir Outfitting Lists and Allow-
ance Lists, and Aviation Training Literature.

Allowance Lists and Outfitting
Lists (00-35Q Series)

Allowance Lists and Outfitting Lists consist
of listings of the equipment and material neces-
sary to place and maintain various activities in
a material readiness condition. These allow-
ances are based on known or estimated require-
ments or on available usage data.

Allowance Lists are identified by SECTIONS.
Certain sections such as A, H, and K are issued
as individual publications. Others such as B and
R appear as a series of publications, each of
which is applicable to a specific model of equip-
ment, model of aircraft, or type of activity.
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The AME should be familiar with the follow-
ing sections:

Section A, Standard Aeronautical and Navy
Stock Account Material.

Section B, Airframe and Engine Maintenance
Parts. This section contains the initial outfit-
ting list for each model of aircraft in current
use.

Section G, General Support Equipment. This
section lists all consumable general support
equipment for all classes, types, and models of
aircraft.

Section H, Flight Operational Material for
Aircraft Squadrons. This section lists aviator's
flight clothing as well as the protective clothing
available for use when handling liquid oxygen.

Section K, Allowance List for Naval Aero-
nautic Publications and Forms.

Allowance Lists are reissued periodically.
When new issues or reissues are published, they
are listed in the next issue of the Numerical
Index. All lists not appearing in the current
issue of the Numerical Index or latest supple-
ment have been canceled.

All allowance List and Outfitting List code
numbers are NA 00-35Q plus the section identi-
fication letter and a dash number to identify a
particular section in a series. For example, the
Section B Allowance List for the S-2D aircraft
is NA 00-35QB-177. This publication contains
the initial outfitting list for the S-2D aircraft.
Training Literature (00-80 Series)

This series of publications is issued by
authority of the Deputy Chief of Naval Opera-
tions (Air). Included are various Air Safety
Pamphlets and General Aviation Training Publi-
cations. All such publications listed ,n the cur-
rent issue of the Numerical Index are available
at the various Nav Air Publications Supply Points.
All requests for 50 or more copies of a publica-
tion must be submitted to the Chief of Naval
Operations, Flight Training Branch, Washington,
D.C., with a statement of justification.

AIRCRAFT MANUALS (01 SERIES)

The following types of manuals are prepared
and issued for each model of aircraft used by
the Navy:

NATOPS Flight Manual.
Maintenance Instructions Manual.
Structural Repair Manual.
Periodic Maintenance Requirements Manual

or Periodic Maintenance Information Cards.

Illustrated Parts Breakdown.
Technical Manual of Weight and Balance

Data (certain aircraft only).

NATOPS Flight Manual

The NATOPS (Naval Air Training and Opera-
ting Procedures) Flight Manual contains com-
plete operating instructions for the aircraft and
its operational equipment. Emergencyoperating
instructions as well as normal operating in-
structions are provided. Although NATOPS
Flight Manuals are issued primarily for the
use of pilots and aircrewmen, all maintenance
personnel should become familiar with the con-
tents of the Flight Manual for their respective
aircraft.

NATOPS Flight Manuals are kept up to date
by two types of revisionsregular revisions and
interim revisions. Regular revisions cover rou-
tine changes and instructions and are generally
issued every 90 days. Interim revisions cover
vital operating instructions and are used when
immediate action is necessary. Interim revi-
sions may be issued in letter form to the individ-
ual activities and by naval message to commands,
and are later Incorperated as regular revisions.

Maintenance Instructions Manuals

The Maintenance Instructions Manuals
(MIM's) contain all the essential information
required by aircraft maintenance personnel for
service and maintenance of the complete air-
craft. MIM's include the data necessary for
troubleshooting and maintaining the powerplant,
accessories, and all other systems and compo-
nents of the aircraft.

Maintenance Instructions Manual are divided
into three types. Type I manuals contain all es-
sential information required for performing
Organizational level maintenance, such as de-
scription and operation of systems and compo-
nents, maintenance considerations, and appro-
priate diagrams and schematics.

Type II manuals contain Intermediate level
maintenance instructions required for the main-
tenance of components, systems, groups of sys-
tems, or equipment when separate coverage is
not provided in other manuals. Included are pro-
cedures for checkout, troubleshooting, repair,
replacement, adjustment, calibration, and pre-
installation, and/or shipping information (meth-
od of packaging). Coverage on components or
equipment may include a description of
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component operation if it is not covered hi
the Type I manual.

Type III manuals contain Depot level over-
haul and repair instructions for components,
accessories, and any other equipment necessary
for unit operation.

In many cases, a consolidation of any com-
bination of Types I, II, or III manuals is pro-
vided in one manual. This is the type discussed
in the following paragraphs and most common
to the AME.

The Maintenance Instructions Manual for all
current productiin aircraft is made up in vol-
umes, each volume being individually bound and
issued separately. This permits each shop in an
activity to have its own applicable volume, or
volumes, at hand for ready reference. Volumes
of most interest to the AME are as follows:

General Information and Servicing.
Utility Systems.
Survival and Environmental Systems.
Corrosion Control, Cleaning, Painting, and

Decontamination.
NOT;.: The different aircraft manufacturers

may group the material in the various volumes
uf the Maintenance Instructions Manuals under
dli nt titles. For example, the Survival and
Er+ ronmental Systems volume for the RA-5C
cuvers the ejection seat, canopy, liquid oxygen,
heating, air-conditioning, ventilation, and anti-
g systems. Two volumes, titled Personnel En-
vironmental Systems and Canopy and Survival
Systems, are prepared to cover the same sub-
jects for the A-4 aircraft.

The General Information and Servicing vol-
ume is designed primarily for the plane captain;
however, this volume also contains a great deal
of information important to all AME personnel.
This volume contains a general description of
the aircraft, all necessary information which is
not contained in other specialized manuals, and
all information pertaining to servicing the air
craft.

Each of the specialized system volumes of
the Maintenance Instructions Manual is further
divided into four sections, as described in the
following paragraphs.

Section I is the same in all volumes of a
particular aircraft Maintenance Instructions
Manual. This section provides an introduction
to the manual and usually supplies a list of the
Changes applicable to the particular volume
concerned.

Section H describes the system and compo-
nents as well as their operation.

Section III provides such maintenance cover-
age as removal and installation procedures and
troubleshooting charts for Organizationa1 level
of maintenance.

Section IV provides component repair pro-
cedures for the Intermediate level of mainte-
nance.

Figure 2-2 is an example of a page from
section III of a Maintenance Instructions Manual.
This page shows the basic layout of the mainte-
nance-coverage sections of the specialized type
manuals. Each component maintenance proce-
dure is identified by a boldface heading (item A,
fig. 2-2) for ease in locating the material on the
page. All removal and installation procedures
provide a recommended manpower require-
ment (item B) for the shop chief's use in as-
signing personnel tc perform the job. All tools
and equipment other than standard tools are
noted (item C) ahead of the maintenance proce-
dure, so that these items may be drawn from
the toolroom prior to starting the operation.

When consumable materials such as lubri-
cants, lockwire, and cotter pins are required
during an installation procedure, a listing of
these (item D) is made ahead of the procedural
steps. Miscellaneous small parts (other than
standard AN and MS hardware), which are
necessary for removal and an installation, also
appear in the materials list.

As an aid to Quality Assurance Representa-
tives, those steps in a procedure which require
an inspection are set in italics (items marked
E). (NOTE: In some MIM's the steps in a pro-
cedure which require a Quality Assurance in-
spection are underlined.) These italicized steps
are a very important feature and are sum-
marized (item F) at the end of each procedure.

Classified maintenance information is not
included in the regular volumes of the Mainte-
nance Instructions Manual. Essential classified
information is contained in separate volumes or
supplements of the Maintenance Instructions
Manual, which are classified "confidential."
Classified volumes of the Maintenance Instruc-
tions Manual are bound in red in order that they
may be readily identified. These volumes must
be handled in accordance with the Department
of the Navy Security Manual for Classified In-
formation (OpNav Instruction 5510.1 Series).

Structural Repair Manual

The Structural Repair Manual is used as a
guide in making structural repairs to the
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Saction III
Paragraphs 3-328 to 3-331

RIMOval Procedute

a. Remove elevatots (refer to paragraph 3.131).

b. Remove three screws from each Isracket assembly
and temove damper.

c. Remove bolts, nuts and washen which main con-
necting tod assemblies to damper arms.

d. Remove nut, washer and spacers from top and
bottom brackets and remove brackets, leaving duvet
assembly.

NAVAllt 01-75PAA-2-2.3

MOSS

The viscous damper assembly must be stored
with the top vide up. If stored with the top side
upside down for mote than four hours, it it
posaibiethiryhrpitbsduid
between the disc ,m1 the hooting. thus reducing
damping rata. Titis condition am be corrected
by noting the dampet in its flannel position
st room tmaperature, spprottioutely 2L3°C.
(7001) fot one week.

3428. REPMR AND PARTS REPLACEMENT.

Spares and Repair Para Data

Forward to next lashes maintenance level.

3429. INSTALLATION.

Materials List

Cotter Pin (2)
Spacer (top)
Spacer (bottom)

MS24665.500

923013-1

921013.3

Nanpower Requirement

One man Is requited.

Quality Assurance Requirement

An inspection is molted when steps appear In'ilis#0.

Intatlation Poxidosi
a. Install upper bracket using one 923P334 'spec*.

AN3204 nut and MSZ4465409 cotter pin.

b. install lower brichet WM* One 923IM-3 0044
AN3204 nut and MS2466.300 totter pin.

C. Impect installation of upper and lower braring I
brackets to check nut and cotter pin installation,

d. Irstall upper rod sasentbly twin an NA/014447
bolt and NAS679MW nut with an AN9D4d washer
under the bolt heed and under the MO. 004 heed 4,110.

. .

(natall tower tod asuably wing eat At474Rtis
bolt sod NAS679A41W nut with an AN9SOCI414 washes'
under the bolt heed nd under the nut. Solt hes411
down. Lock-wire bolt head to lower lever.

f. Inspert installation of upper and lower rod assem
blies for tightness of attachments and lock-wiring of

er bolt head.

3.294

Austh brackets to stemmas using NAS6233,1
screws atrd AN960DIO washers in the two upper sod
two lerver hohl. UntNAS623-.34 esteem and AN9601310
*abets lit the two middie hobs.

h. Inspect attachment of brackets to structure. Damper
must rotate freely and there must be a minimum of 0.12
inch clearance to structure.

i. Reinstall elevatori. (*etre to pitigiiph :0)13

Quality Assurance Summary

a. Inspect in;tallation of upper and lower brackets to
damper assembly to check nut and cotter pin installation.

b. Inspect installation of upper and lower rod assem-
blies for tightness of attachments and lock-wiring of F
lower bolt head.

C. Inspect attachment of brackets to structure. Damper
must rotate freely and tbere mull be minimum of 0.12
inch clearance 10 structure.

3-330. ELEVATOR MAINTENANCE
PROCEDURES.

"M" RDMY 600 Ogitt4 0.)

A

vls and Equipment List

Truck, Fork Lift TC-200

Hoist HSKS-151113

Elevator Sling Assembly 551241.1

Manpower Requirements

Two men are required.

*wool lhOCOhn't
a. Mord Anistral =bow
b. Opts #Ist di minim imams sal zelt Moms !lad)

04011,

t- Supped, thoc OINOtet *Kik strilurrOis
Lcc ou414 oft isirksikst *ad two the islitmisi
the op posittgo

4 ithi thaødtsuW Opt
loboord mad of iitals.ftwiprAirigil 406,
444t9t 4tort/t40 10* ,/, ;;

9.. SIM the40444000,01/44446'44444
One link filtanititt.

woo MiomMt (It 410
C OPox Aft foam M0110141,C

MA OmaJOITtyll:Mk?sit' 4,f4/41,11*
hothooat4 sokaitst.

000apso
hoed iltstAMIM etailL0.0.1101/0011APF-i-/ ;

m.e'oU 001t,AtitigAVIAtIfiiiiiit4 iMA

do, Nthe *WOO (0* titi 4110M0000' *0,1 $04,
tdit oiet ift.tatikadtkitsfif* 1141

ub Awe dhamwood irocittibloi.
mow ;00 ook taw iodp etihophispor W140,
natal sarbititer.

Figure 2-2.Typical page of a Maintenance Instructions Manual.
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airframe. It contains general information such
as airframe sealing, control surface rebal-
ancing, general shop practices, damage evalua-
tion and support of structure, and a description
of the structure through the medium of indexed
illustrations and repair drawings.

The Structural Repair Manual for most new
aircraft is published in two volumes. This is
not due to its size but is to suit its usage by
different facilities. Volume I is for use at all
levels of maintenance. Volume H supplements
Volume I and contains information for use at
Intermediate and Depot level facilities.

The Structural Repair Manual is identified
by a "-3" in the manual publications code (fig.
2-1). The two volumes are further identified by
an additional dash number. An example of the
code for a Structural Repair Manual in current
use is NA 01-75PAA-3-1. This is the code for
Volume I of the Structural Repair Manual for
the P-3A aircraft.

Each volume of the Structural Repair Man-
ual divided into sections. Section I contains
itormatio.1 of a general nature. Each of the
nther sections contains information of a more
,pecific nature. These sections cover portions
rf the aircraft such as wings, tail, fuselage,
a:,,hting gear, and engines. There is also a
section covering typical repairs.

Before attempting to use the Structural Re-
pair Manual, the mechanic should read the in-
troduction to Volume I. Included in the intro-
duction is information concerning the use of the
manual. NOTE: Since the format of tae various
Structural Repair Manuals may differ, the in-
structions in the introduction may differ slightly.

The Structural Repair Manual is supple-
mented by the NA 01-1A Series general manuals.

Periodic Maintenance
Requirements Manual

This manual contains the complete require-
ments for inspection of the aircraft, its compo-
nents, and accessories. The inspection re-
quirements are stated in such a manner as to
establish what equipment is to be inspected,
when it is to be inspected, and what conditions
are to be sought. It does not contain instructions
for repair, adjustment, or other means of
correcting defective conditions, nor does it
contain instructions for troubleshooting to find
causes for malfunctioning.
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Periodic Maintenance
Requirements Data

The Periodic Maintenance Requirements
Manuals are being replaced by periodic mainte-
nance requirements data contained in three
types of publications--Periodic Maintenance
7.11,rrnation Cards (PMIC), Maintenance Re-
q. s, .n.lents Cards (MRC), and Sequence Con-
tr.). 'darts (SCC).

The PMIC's have a listing of items having
an approved mandatory replacement interval
and those items rnquiring scheduled removal
component cards as defined in OpNav Instruc-
tion 4790.2.

They also contain a maintenance reference
table that lists those publications which have
been incorporated in the maintenance require-
ments since the last revision.

The Maintenance Requirements Cards and
the Sequence Control Chart are discussed in
Military Requirements for Petty Officer 3 &2,
NavPers 10056-C, Chapter 14.

Illustrated Parts Breakdown
The purpose of the Illustrated Parts Break-

down (IPB) is to assist supply, maintenance,
and overhaul personnel in the identification,
requisitioning, storing, and issuing of parts for
the applicable aircraft.

The IPB for older aircraft, like the Mainte-
nance Instructions Manual, may be found in one
volume. The IPB prepared for current produc-
tion aircraft contains several volumes, which
usually correspond to the volumes in the Mainte-
nance Instructions Manual.

The IPB, like the Maintenance Instructions
Manual, has a code number. A "-4" in part HI
of the publications code (fig. 2-1) identifies the
IPB. The individual volumes of the IPB are
identified by an additional dash and number. An
example of the code number for an IPB in cur-
rent use is NA 01-60ABC-4-5. This is the code
number for the Survival and Environmental
Systems volume of the RA-5C IPB.

Each volume of the IPB is divided into at
least two sections and sometimes three--Sec-
tion I, Introduction, Section II, Group Assembly
Parts List, and Section when used, Numer-
ical Index. The Introduction (Section I) contains
detailed instructions for the use of the IPB.
Section II includes illustrations of all parts of
the applicahlp aircraft and its systems, equip-
ment, and -ial support equipment subject to
separate idanit
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The latest type IPB has a separate volume
for the Numerical Index. The Numerical Index
contains an alphanumeric listing of all the parts
in the IPB or volume. In addition to the part
numbers, the Numerical Index contains such
information as federal stock number data, r

figure and index numbers, 3ource code data,
and re.coverability information.

The number of IPB manuals for some air-
craft ar, urnerous and for this reason some
of the .raft manufacturer's have published
a Master I,ocator Index in conjunction with their
IPB. This Master Locator Index is used to lo-
cate the IPB manual in which the part number

shown when only the part number is known.
Most Master Locator Index pages are divided
into 4 columns, each containing a part number
and a manual number column. The number shown
in the "Manual Number" column is the last dash
number of the Nav Air IPB manual in which the
part will be found. Example: Part No. 128B10855,
for an A-6A Aircraft, listed in the Master Lo-
cator Index, shows a "3" in the "Manual Num-
ber" column. This means that complete infor-
mation on the part wil be found in A-6A IPB,
Nav Air 01-85ADA-4-3. Once directed to a spe-
cific volume of the IPB the part can be further
traced through the use of that volume's numer-
ical index.

Prior to using any volume of the IPB, all of
the information in Section I should be read. The
information contained in this section will aid
the AME in locating the necessary part or parts
quickly and easily.

Technical Manual of
Weight and Fa lance Data

This manual provides a standard system for
field weight ancl balance control of certain air-
craft. The forms, charts, and records in this
manual are prepared by the manufacturer prior
to delivery of the aircraft to the Navy and pro-
vide the means of maintaining a continuous and
current record of the basic weight and balance
and loading information during the aircraft's
service life.

Procedures and instructions for maintaining
the weight and balance records are contained
in the manual. These records must be main-
tained by operating and overhaul activities and
must be brought up to date prior to transfer of
the aircraft. The manual must be retained in
the aircraft at all times.
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General Aircraft Manuals (01 Series)

To avoid confusion between the General
Manuals (00 series) and general Aircraft Man-
uals (01 series), an explanation is in order at
this point. This chapter is concerned with
AERONAUTIC publications. There are many
general aeronautic pnblications that do not
directly concern aircraft; these are in the 00
series, There are other manuals that are ap-
plicable to aircraft in general without being
identified with a specific model; these are
general AIRCRAFT manuals. Some general air..
craft manuals with which the AME works are
as follows:

NA 01-1A-8, Aircraft Structural Hardware
for Aircraft Repair.

NA 01-1A-509, Aircraft Cleaning and Cor-
rosion Control for Organizational and Inter-
mediate Maintenance Levels.

NA 01-1A-519, General Care, Use and Main-
tenance of Pressure, Vacuum, and Compound
Gages.

ACCESSORIES MANUALS (03 SERIES)

The 03 series manuals cover all types of
accessories. An accessory is defined as any
item of equipment which is required for opera-
tion of the aircraft and which cannot be con-
sidered an integral part of the airframe or
engine. Examples of accessories for which the
AME is responsible are oxygen equipment, cabin
pressurization and air-conditioning equipment,
anti-icing equipment, and fire extinguishing
equipment.

The manufaAurer of each item of equipment
(regulators, valves, cylinders, etc.) is required
to provide adequate instructions for operating
the item and maintaining it throughout its serv-
ice life. Accessories Manuals therefore contain
descriptive data; detail instructions for insta:la-
tion, operation, inspection, maintanance, and
overhaul; and an illustrated parts list. All
Accessories Manuals available for issue are
listed in numerical order (by publication num-
ber) in the Accessories Section of Part C, Sec-
tion VIII of Nav Sup Publication 2002. They are
also listed in 00-500A, but in alphanumeric
ordor according to part number. In 00-500B,
Ac.. ssories Manuals are listed under the air-
craft in which the accessory Is installed.

Accessories Manuals are used to supple-
ment information found in the aircraft Mainte-
nance Instructions Manual. For example, when
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the Maintenance Instructions. Manual does not
give instructions for repairing a particular item,
reference should be made to the applicable Ac-
cessories Manual.

If any accessory is relatively simple, all the
necessary instructions may be contained in a
single manual. An example is NA 03-50B-6,
Operation, Service and Overhaul Instructions
with Illustrated Parts Breakdown for a Demand
Oxygen Mask manufactured by the Ohio Chemical
Co.

More complex accessories may require two
or more manuals. For example, one manual
may cover operation, service, and overhaul
instructions, while the parts breakdown is con-
tained in a separate manual.

To determine what manuals are available for
a particular accessory, proceed as follows:

If the name of the manufacturer and the model
number of the item are known, turn to the
accessories section of NavAir 00-500A and
locate the item in the alphabetical or numerical
listing. All manuals applicable tothat particular
item of equipment will be listed by code number
in appropriate columns opposite the name and
model number of the item.

SUPPORT EQUIPMENT MANUALS
(17, 18 and 19 SERIE.(..1

The manufacturer of each item of support
equipment is required to furnish adequate i,h-

structions for operating the equipme. t and
maintaining it throughout its service life. Lke
aircraft Maintenance Instructions Manuals a. ch
Accessories Manuals, these publications pre-
pared by the manufacturer are issued under the
authority of the Naval Air Systems Command
and are then official Navy publications.

The 17 and 18 series of aeronautic manuals
provide information and instructions for most
tools, machinery, and test equipment used in
support of aircraft and components. Each Rem
is covered by a manual which contains the
purpose, procedures for preparing the item for
use, operation, inspection, maintenance, lub-
rication, troubleshooting, and other pertinent
data.

The 19 series manuals contain information
on ground servicing and automotive equipment
related to performing aircraft maintenance.

Support Equipment Manuals are stocked,
cataloged, listed, and located in the same mannt
as Accessories Manuals.

NOTE: Ground support equipment data for-
merly provided as Descriptive Data Sheets
(20 Series publications) are now identified as
Ground Support Equipment Illustrations (GSEI).
This information is coordinated with other
branches of the service and is published and
identified as MIL-HDBK-300.

SAFETY PRECAUTIONS MANUAL
(NavMat P-5100 SERIES)

The safety precautions contained in this
manual are applicable to all Navy personnel,
military and civilian, and to all naval commands
and activities. They are of necessity basic and
general in nature and are not inclusive of all
conceivable operations and functions involved in
the great variety of Navy activities. In many
instances referen^os are made to other publi-
cations for detailed safoty precautions applicable
to specific conditions. A lack of documented
hazards and pe.rtinent precautions is not to be
construed as an indication of their nonexistence
or unimportance; therefore, the continuous co-
operation and vigilance of all personnel is needed
to see that all operating procedures and work
methods do not unnecessarily expose personnel
to injury or property to loss or damage.

Safety precautions shall be posted in a con-
spicuous place on or near any equipment, com-
ponent, or material which presents a hazard to
the security of the activity or to the safety of
pers .nnel. For example, those precautions
necessary for the safe handling, stowage, and
security of dangerous materials such as explo-
sives or flammables shall be posted at or near
the storage spaces designated for those
mater ials.

Each individual is responsible for knowing,
understanding, and observing all safety pre-
cautions applicable to his work and work area.

All chapters of the Safety Precautions Manual
are extremely important, and the AME should
be especially concerned with the chapter titled
Aviation. This chapter covers general pre-
cautions applicable to the maintenance, repair,
and overhaul of aircraft.

TECHNICAL INFORMATION FILE
OF GROUND SUPPORT EQUIPMENT
(MIL-HDBK-300B)

This publicathon is intended to provide, in
concise and convenient form, factual pictorial
and descriptive data to familiarize designers,
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engineering, maintenance and trainingpersonnel
and Golerninent contractors with the char-
acteristics, performance capabil tty and phys ical
makeup of the ground support equipment pres-
ently in the inventory of the military services
and under development for use with aircraft and
missile systems. In the case of Government
contractors, the data sheets are intended to
provide sufficient information for determining
that an item of equipment is suitable or unsuit-
able for a comtemplated application. This will
insure the following:

1. Maximum usage of in-service assets.
2. Elimination of duplicate design or de-

velopment of ground support equipment for
different weapon systems.

This handbook contains information on ground
support equipment for aircraft and missile
weapon systems. Ground support equipment is
construed to include ground operation, handling,
and servicing equipment. Ground support equip-
ment is further defined as all equipment required
on the ground to make a weapon system opera-
tional in its intended environment.

Data sheets for the Technical Information
File (TIF) will normally be selected or sub-.
mitted only for ground support equipment items
that have a unit cost of $1,000 and over or a
potential or actual procurement total dollar
value in excess of $100,000, regardless of unit
cost.

Data shee.,,, will not normally be acquired or
submitted for common tools or power tools
normally found in a standard machine shop;
component parts or subassemblies of end items;
kits, sets of tools, fixtures for manufacturing
in depot use; sling, adapters, small containers,
cabinets; or obsolete items of supply.

This handbook supersedes individual des-
criptive data sheets which were previously
issued separtaely for each item of support
quipment not covered by an individualtechnical
nianual.

ORDNANCE PUBLICATIONS

NavAir 11-100-1

Cartridges and Cartridge-Actuated Devices
for Aircraft and Associated Equipment, NavAir
11-100-1, is an ordnance publy.ation of vital
interest to the AML. This p cation is a
looseleaf type manual and is commonly referred
to as NavAir 11-100..1.
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NavAir 11-100-1 has been designated by
NavAirSysCom as the basis for the formula-
tion of all maintenance instructions covering
identification, handling, logbook entries, and
service life for cartridges and cartridge-ac-
tuated devices utilized in naval aircraft. This
means that the information in this manual takes
precedence over that in all other related manuals
and instructions.

A master copy of NavAir 11-100-1 is main-
tained in the technical library of all air-
craft maintenance activities for utilization in
the preparation of Maintenance Instructions
concerning cartridges. Additional copies are
generally found in the AME shops.

This manual gives information such as
description and location, operation, identifi-
cation and handling, and service life of cartridges
and cartridge-actuated devices used in naval
aircraft. Logbook entry information and safety
precuations are included on each item. It gives
illustrations of the cartridges and, where ap-
propriate, identifies the systems using the
cartridge. Schematics of some systems are also
provided.

NavAir 11-85-1

Rocket Catapults and Rocket Motors for
Aircrew Escape Systems, NavAir 11-85-1, is
also an ordnance publication of vital interest to
AME personnel.

This publication describes aircraft ejection
seat rocket catapults and rocket motors used
in various Navy aircraft, and sets forth handling
procedures to be observed by fleet personnel
ashore and aboard surface vessels. General and
specific data are given for each catapult and
rocket motor, including descriptions, nomencla-
ture, handling instructions, and temperature and
service life limitations. In the event of dis-
crepancies between this publication and other
publications containing information on the rocket
catapults and rocket motors, this publication
takes precedence.

LETTER TYPE PUBLICATIONS

TECHNICAL DIRECTIVES

The Technical Directive (TD) System has
been established for control and issue of all
technical directives. This system standardizes
the method of issuance for such directives and
is the authorized means for directing the
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accomplishment and recording of modifications
and one-time inspections to equipment procured
by and for the NavAirSysCom. The TD system
is an important element in the programs
designed to maintain equipment in a configura-
tion which provides the optimum conditions of
safety, operational, and material readiness.
The system encompasses two types of technical
directives differentiated by their method of
dissemination. These two types are Formal
(letter type) and Interim (message type). In
general terms, they are both considered as
letter type technical directives. Such directives
contain instructions or information of a technical
nature which cannot be satisfactorily dissemi-
nated by revisions or changes to technical
manuals. This information is disseminated in
the form of Changes, or in the case of spe-
cial circumstances, by Interim Changes or
Bulletins.

A formal TD is a document issued as a
Change, or as an Amendment or Revision there-
to, and promulgated by letter. Formal technical
directives are used to direct the accomplishment
and recording of modifications to weapons,
systems, support equipment, trainers, and re-
lated equipment and are comprised of Changes
and Amendments and/or Revisions thereto.

An interim TD is a document issued as a
Bulletin or a Change, or as an Amendment or
Revision thereto, and promulgated by message
to insure expeditious dissemination. The interim
TD is reserved for those instances requiring
expeditious correction of an operational or safety
condition which embodies risks calculated to be
intolerable within the lead time of a forthal
directive or maintenance publication change.
Interim Changes are superseded by a Formal
Change directive which will have the same num-
ber as the interim directive. Interim Bulletin
directives are not superseded by formal Bulle-
tins as was previously the case. The NavSup
Publication 2002, Section VIII, Part D, will still
have many formal Bulletins listed until they
are eventually phased out.

A Change is a document containing instruc-
tions and information which directs the ac-
complishment and recording of a material
change, a repositioning, a modification, or an
alteration in the characteristics of the equip-
ment to which it applies. A Change is issued
to direct that parts be added, removed, or
changed from the existing configuration or that
parts or material be altered, relocated, or
repositioned.
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A Change may be issued in parts to ac-
com7lish distinct parts of a total directed action
or t( accomplish action on different configura-
tiens of affected equipment. A Change may also
be issued for record purposes. A Record
Pu-pose Change is a TD issued to provide
documentation of a modification hich has been
completely incorporated by the contractor or
in-house activity in all accepted equipment and
which does not require retrofit or the modifica-
tion of repairables in the Navy's possession.

An Amendment is a document comprised of
information which clarifies, corrects, adds to,
deletes from, makes minor changes in require-
ments to, or cancels an existing technical
directive. It is only a supplement to the existing
directive and not a complete directive in itself.
A maximum of three Amendments may be applied
to any TD, each remaining in effect until
rescinded or superseded by a Revision. A

requirement for further amendment action
necessitates the issuance of a Revision.

A Revision is a completely new edition of an
existing technical directive. It supersedes the
original directive or revision and all existing
Amendments.

A Bulletin is an interim document comprised
of instructions and information which directs an
initial inspection to determine whether a given
condition exists. It specifies what action is to
be taken if a given condition is found or not
found.

Interim Bulletin directives are self-rescind-
ing with rescission dates of 30 June or 31

December, whichever is appropriate for the
case at hand. Rescission is the process by which
the TD's are removed from active files after
all requirements have been incorporated. Final
rescission action is direced in the TD Index,
NavSup Publication 2002, Section VIII, Part D.

All activities maintaining active technical
libraries must maintain the TD's on file until
they are deleted from the TD Index.

Cancellation of a technical directive is the
process whereby tho TD is removed from thE
active files when s determined that a pre-
viously issued TI) is not to be incorporated.
Cancellation is directed by the issuance of ar
Amendment to the TD. The cancellation expli-
citly states the required configuration of ead
article initially specified for modification; fox
example, whether installed modifications ail
to remain installed or are to be removed, etc
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The title subject of a Change or Bulletin will
be one of the following, as appropriate:

Airframe.
Powerplant.
Avionics.
Accessory.
Aviation Armament.
Aircrew System.
Propeller.
Photographic.
Support Equipment.
Airborne Weapon.
Clothing and Survival Equipment.
Target Control System.
Meteorological Equipment.

If the technical directive involves safety of
flight, the word "SAFETY" will appear imme-
diately following the title and number.

Technical directives are numbered by two
different methods. Some are numbered consec-
utively from the beginning of the calendar year
with the last two digits indicating the year of
issue. Thus, a Change or Bulletin designated
47-54 would be the 47th change or bulletin of that
type issued in 1954. This type of numbering sys-
tem is no longer being used for identifying new
directives. However, those which have been num-
bered in this manner and are still in effect are
cataloged under this system.

The present numbering system is a consec-
utive numerical application regardless of the
year of issue. For example, F-4 Airframe
Change 204 would be the 204th Airframe Change
that is applicable to the F-4 aircraft. Thisnum-
bering system has been in effect for some time
and most technical directives are cataloged
under this system.

The numbers assigned to Changes and Bul-
letins are provided by the Technical Directives
Control Center, which is located at the Naval
Air Technical Services Facility (NATSF), Phila-
delphia. Changes or Bulletins that have been
amended will have their basic number followed
by the words "Amendment 1," "Amendment 2,"
etc. A revised directive will have the basic di-
rective number followed with the words "Rev.
A," "Rev. B," etc., as appropriate to denote the
first, second, etc., revision to that basic direc-
tive.

The Changes and Bulletins are automatically
distributed to all concerned activities through
inclusivn on the Mailing List Request for Aero-
nautic Pablications, NavAir Form 5605/3. All
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TD's are issued by NavAir or NavAirTechSer-
Fac except in cases where the time delay in ob-
taining approval is unacceptable. In such cases,
the controlling custodians are authorized to issue
interim TD's to preclude unacceptable risks to
personnel or equipment. The Changes or Bulle-
tins are generally based on Contractor Service
Bulletins, other letters of recommendation, or
proposed modifications from field service ac-
tivities.

Directive Categories

Technical directives are assigned a "cate-
gory" in accordance with the importance and
urgency of accomplishing the work involved. A
category of Immediate, Urgent, Routine, or
Record Purposes is assigned each technical di-
rective.

The category "Immediate Action" is as-
signed to directives which are issued to correct
safety conditions, the uncorrected existence of
which would probably result in fatal or serious
injury to personnel, extensive damage, or de-
struction of property. Immediate Action direc-
tives involve the discontinued use of the aircraft,
engines, or equipment in the operational employ-
ment under which the adverse safety condition
exists, until the directive has been complied with.
If the use of the aircraft, engines, or equipment
will not involve the use of the affected compo-
nent or system in either normal or emergency
situations, compliance may be deferred, but
should be accomplished no later than the next
periodic inspection for the aircraft and no later
than 120 days from the date of issue for the
equipment. The Immediate Action directive is
identified by a border of red X's broken at the
top center of the page by the words "IMME-
DIATE ACTION," also printed in red.

The category "Urgent Action" is assigned
to directives which are used to correct safety
conditions which, if uncorrected, could result
in personnel injury or property damage. Such
conditions compromise safety and embody risks
calculated to be tolerable within narrow time
limits and may or may not necessitate the im-
position of operating restrictions. Urgent Action
directives are identified by the words '`URGENT
ACTION" printed in red ink at the top of the
first page and a border of red diagonals around
the cover page.

The compliance requirement specifies that
the incorporation of the instructions must be
accomplished no later than the next regularly
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scheduled rework or overhaul or for equipment
not reworked or overhauled on a regularly
scheduled basis, not later than 18 months after
the date of issuance.

Routine Action directives are issued where
there are reliability, capability, or maintain-
ability deficiencies which could, if uncorrected,
become a hazard through prolonged usage or
have an adverse effect on the operational life or
general service utilization of equipment.
conditions embody a degree or risk or require-
ment determined to be tolerable within a broad
time limit. The compliance requirement spec-
ifies the incorporation of the instructions not
later than the next regularly scheduled overhaul
or rework, or for equipment not reworked or
overhauled on a scheduled basis, not later than
18 months after issuance of the directive. If ac-
complishment of the work requires Depot level
maintenance capability, the compliance may be
deferred if it will seriously interfere with oper-
ational commitments or schedules. Routine Ac-
tion directives are identified by the words
"ROUTINE ACTION" printed in black capital
letters at the top center of the cover page.

The category "Record Purposes" is usedon
a technical directive when a modification has
been completely incorporated by the contractor
or in-house activity in all accepted equipment
and ,when retrofit is not required on repairables
in the Navy's possession. They are identified by
the words "RECORD PURPOSES" printed in
black capital letters at the top center of the cover
page. This type of TD merely documents the ac-
tion for configuration management purposes;
therefore, compliance information is not appli-
cable and is indicated as such.

INSTRUCTIONS AND NOTIC ES

Instructions and Notices are directives con-
taining information and instructions concerning
policy, administration, and air operations. They
are issued by all bureaus, systems commands,
ships, stations, and operating activities. Those
issued by the Naval Air Systems Command are
known as NavAir Instructions and Notices.

Instructions are directives of a continuing
nature and are effective until canceled or su-
perseded by a later directive.

Notices are directives of a one-time nature
or directives which are applicable for a brief
period of time. Each Notice contains a provision
for its own cancellation.

Instructions are numbered in consecutive
order according to the subject covered in the
Instruction. Notices are numbered according to
the subject covered and serialized by the date
of issue. They may be addressed to "All Ships,
Stations, and Units concerned with Naval Air-
craft," or to certain activities only. Each ac-
tivity maintains a file of all pertinent Instruc-
tions and Notices still in effect.

MISCELLANEOUS AVIATION
PUBLICATIONS

Several other unofficial publications of gen-
eral interest to aviation persnnnel are available
in most operating activities. These should be
read regularly by all mainterance personnel.

NAVAL AVIATION NEWS

The. Naval Aviation News, NavAir 00-75R-3,
is published monthly by the Chief of Naval Oper-
ations and the Naval Air Systems Command. Its
purpose is to disseminate dataon aircraft train-
ing and operations, space technology, missile,
rocket, and other aviation ordnance develop-
ments, aeronautical safety, aircraft design, pow-
erplants, aircraft recognition, technical mainte-
nance, and overhaul procedures.

As its name implies, this publication is es-
sentially a news magazine. It enables readers to
keep abreast of the latest unclassified develop-
ments in every facet of naval aviation. In addi-
tion, the coverage of fleet operations and the
human interest articles on the noteworthy feats
and accomplishments of individuals, both officei
and enlisted, make the Naval Aviation News an
entertaining as well as an informational period-
ical.

APPROACH

Approach, NavAir 00-75-510, The Naval
Aviation Safety Review, is published monthly by

the U.S. Naval Aviation Safety Center and is dis-
tributed to all naval aeronautic organizations
on the basis of 1 Copy for every 10 persons. It
presents the most accurate information cur-
rently available on the subject of aviation acci-
dent prevention.

A large number of aviation accidents are
maintenance-induced; that is, they occur during
preparation for, performance of, and securing
from maintenance or as a result of sloppy or
improper maintenance. For instance, one fatality
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was reported which occurred when a mainte-
nance man unintentionally ejected himself while
arming an ejection seat. Additionally, a recent
statistic reported in Approach revealed that in
9 accidents during a recent 15-month period 9
aircraft were losta million dcAlars lost due to
the omission of 9 cents word' of cotter pins.

The Approach magazine reports the results
of accident investigations; and for those acci-
dents that are maintenance-induced, describes
what was done wrong and how it should have been
done; suggests corrective measures to prevent
future accidents resulting from these causes;
and when appropriate, cites aeronautic technical
publications which provide authorityfor changes
in techniques or material to improve the main-
tenance product.

In short, the maintenance man who reads and
heeds the messages in Approach is the man who
benefits from other mechanics' experiences. Put
Approach on your required reading list and look
for it every month.

CROSSFEED

Crossfeeds are "Official Use Only" publica-
tions issued by the U.S. Naval Aviation Safety
Center. Each Crossfeed is in the form of a letter
to the squadron aviation safety officer.

Due to the designation "Official Use Only,"
the Crossfeeds are not available for general dis-
tribution throughout an activity. The restriction
to "Official Use Only" derives from OpNav In-
struction wP3750.6 (Series) which states in
part" .. . distribution of AAR's (Aircraft Acci-
dent Reports), incidents, and ground accident
reports, MOR's (Medical Officer's Reports),
reports of special investigations of aircraft
mishaps, or extracts therefrom, will be limited

strictly to commanders and other authorities
named . . . ." Crossfeeds often contain such ma-
terial extracted from AAR's and from reports
of special investigations.

Crossfeeds are prepared according to subject
matter. For instance, those about which the AME
is most concerned are Personal/Survival Equip-
ment Corssfeeds, Escape Crossfeeds, Mainte-
nance Crossfeeds, and General Crossfeeds.
From time to time these contain information of
critical importance to the AME in the perform-
ance of his duties.

rhe unit's aviation safety officer will gen-
erally pass on Crossfeed information to those
with an obvious need to know and will follow up
to see that it is used. However, each applicable
Crossfeed should be checked for pertinent in-
formation by the AME. It must be kept in mind
that the averag a AM E will only see an occasional
Crossfeed unless he goes out of his way to look
for them. For those who understand the need for
special handling of the information contained in
Crossfeed and are interested enough in the in-
formation and their jobs to askfor it, these pub-
lications can provide a wealth of useful and
timely information.

MECH

MECH is published quarterly by the U.S.
Naval Safety Center and is distributed to naval
aeronautic organizations on the basis of 1 copy
per 10 persons. It presents the most accurate
information available on maintenance-caused
mishap prevention and general aviation ground
safety. Contents are informational and should
not be considered as regulations, orders, or
directives. Reference to commercial products
does not imply Navy endorsement.
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CHAPTER 3

HANDTOOLS, TUBING, AND FLEXIBLE HOSE

TOOLS

The AME3 and AME2 must have a thorough
knowledge of the tools of his trade to enable
him to increase his performance and the quality
of his products. Using this knowledge and apply-
ing it in the right direction will aid in increas-
ing the squadron's efficiency and operational
availability. One of the most important factors
that a mechanic can have is the ability to use
the tools which are required to complete any
given task in a skilled and technical manner.

A mechanic is known by the tools he keeps.
The use of tools may vary; but safety, good
care, and proper stowage of tools never vary.
In this chapter, some of the various tools that
the AME uses in the course of his duties are
briefly described. The Rate Training Manuals,
Tools and Their Uses, NavPers 10085 (Series),
and Airman, NavPers 10307 (Series), also
contain a description of most of the tools used
by the AME, together with detailed instruc-
tions for using them. The material given in
this chapter is intended to supplement, rather
than repeat, the information given in Tools
and Their Uses and the Airman manuals.

PROCUREMENT

Some activities have a centrally located
toolroom which procures tools for the activity
as a whole. This allows for better usage and
accountability of the equipment. An activity's
alloted amount of handtools is in accordance
with an allowance which is established by
NavAir 00-35QG-016, Consumable General Sup-
port Equipment for all Types, Classes, and
Models of Aircraft, and the Individual Material
Readiness List (IMRL).

NavAir 00-35QG-016 includes all of the ac-
countable and consumable general support equip-
ment which is required for the maintenance

and operation of all types of aircraft at the
Intermediate and Organizational levels of main-
tenance. Most of the tools listed in NavAir
00-35QG-016, appropriate for use by the AME,
are found in the toolbox he is issued.

The Individual Material Readiness List
(IMRL), which applies to an activity by name,
specifies items and quantities of aircraft ground
support equipment required for material readi-
ness of the aircraft maintained by the activity.

Whenever the number of tools in the activity
falls below a certain minimum, the central tool-
room supervisor reorders to replenish his stock.
The quantity status of tools on hand is determined
by regular inventories.

CUSTODY

When it becomes necessary or desirable for
an AME to have a toolbox assigned to him on a
custody basis, the shop supervisor will notify
the toolroom personnel to issue an AME toolbox
to the designated person. Normally, the central
toolroom will have a locally prepared toolbox
inventory form. This form will be applicable
to the particular aircraft, equipmeht, and
maintenance level to be supported. They will
issue the toolbox in accordance witli,this inven-
tory form, making two copiesone (master copy)
to be held by the central toolroom, and one to be
placed in the toolbox. The AME should use this
copy to inventory his toolbox after completion
of each assigned task to insure that all of his
tools have been placed back in his toolbox.

NOTE: Reinventory of tools taken to the jobs
is a MUST to eliminate the possibility of damage
to the aircraft due to foreign objects left adrift
within or around the aircraft.
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INVENTORY

The AME who has custody of a toolbox must
prevent the loss of tools through neglect or mis-
use. Although handtools are normally classed as
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consumable items, they are very expensive and
must be paid for when lost or carelessly
damaged. One method of preventing loss of tools
is a thorough inventory after each job assign-
ment. Usually, the activity will have a local in-
struction concerning the inventory interval and
method of reporting lost or damaged tools.

NOTE: Broken or damaged tools can damage
aircraft hardware and parts. They can also
cause personal injury to the worker or others.

At the periodic inventory, which is normally
performed by central toolroom personnel, all
broken or missing tools should be replaced.
Non-productive time between job assignments
provides ample time for further inspection and
upkeep of toolboxes. Someone has said "show
me a mechanic with a poor toolbox and I will
show you a poor mechanic."

In addition to the tools normally issued with
the toolbox, there are many special tools an
AME3 or AME2 will come in contact with and
use. Later in this chapter we will discuss just
a few of these tools. Special tools are normally
kept in the central toolroom and signed out on
an as-needed basis. These tools are returned
to the toolroom as soon as the AME has com-
pleted his work assignment. (Tools should be
returned no later than the same day as checked
out.)

Each activity has an allowance of special
tools which they may have on custody. Often
the allowance for an item is only one, which
means positive control must be exercised. The
special tools allowance list for a particular
aircraft on which the AME might be working
is contained in the activity's Individual Material
Readiness List (IMRL) publications.

Some of the newer aircraft manuals list
the special tools and equipment in one section
of the Mustrated Parts Breakdown; for ex-
ample, NavAir 01-75PAA-4-13, P-3A Special
Support Equipment, and NavAir 01-245 FDA-4-6,
F-4A Special Support Equipment. When deter-
mining special support equipment allowances
for any activity, refer to the Individual Ma-
terial Readiness List.

HANDTOOLS

Before discussing the tools individually, a
few comments on the care and handling of hand-
tools in general might be appropriate. The con-
dition in which qn AME maintains his assigned
tools deterzines his ,ency as well as af-
fecting th hi: superiors pass
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upon him in his day-to-day work. A mechanic
is always judged heavily by the manner in which
he handles his tools.

Each mechanic should keep all his assigned
tools in his toolbox when he is not actually us-
ing them. He should have a place for every tool,
and every tool should be kept in its place. All
tools should be cleaned after every use and
before being placed in the toolbox. If they are
not to be used again the same day, they should
be oiled with a light preservative oil to pre-
vent rusting. Tools that are being used at a
workbench or at a machine should be kept in
easy reach of the mechanic, but should be kept
where they will not fall or be knocked to the
deck. Tools should not be placed on finished
parts of machines.

CAUTION: Handtools used in performing
maintenance on oxygen systems should NOT
be oiled. Tools should be completely free of
any hydrocarbon materials such as grease and
oil.

Handtools are classed according to the tasks
they perform. These classifications are: cutting
tools, turning tools, striking tools, holding tools,
and miscellaneous handtools. These tools are
explained as to their uses in the followingpara-
graphs.

CUTTING TOOLS

Included in this group of tools are diagonal
cutting pliers, files, hacksaws, twist drills,
countersinks, chisels, and the various types of
snips used by personnel to trim or cut ma-
terial by hand. (See fig. 3-1.)

Adequate coverage on the selection, care,
and use of cutting tools is contained in Tools
and Their Uses, NavPers 10085 (Series), and
Airman, NavPers 10307 (Series), and is there-
fore not repeated here.

TURNING TOOLS

Turning tools are the tools used for turning
nuts, bolts, and screws. Those of primary in-
terest to the AME are the socket wrench sets,
which consists of several types of handles and
bar extensions, universals, adapters, and a
variety of sockets; combination wrenches, open
end on one end and box end on the other; ad-
justable wrenches, commonly referred to as
"knucklebusters"; common blade screwdr ivers,
for use on conventional slotted screws; cross-
point blade screwdrivers, for use on recessed
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Figure 3-1.Types of cutting tools.
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head Phillips and Read and Prince type screws;
and clutch tip blade screwdrivers, for use on
screws with a clutch type recess. (See fig. 3-2.)

Adequate coverage on the selection, use,
care, maintenance, and safety for turning tools
is contained in Tools and Their Uses, NavPers
10085 (Series), and Airman, NavPers 10307
(Series), and is therefore not repeated here.

STRIKING TOOLS

Generally speaking, this group is composed
of various types of hammers, all of, which are
used to apply a striking force where the force
of the hand alone is insufficient. Each of these
hammers is composed of a head and a handle,
even though these parts differ greatly from
hammer to hammer.

The mallet and the ball-peen hammer (fig.
3-3) are of the most concern to the AME and
adequate coverage on their selection, use, care,
and safety is contained in Tools and Their Uses,
NavPers 10085 (Series), and Airman, NavPers
10307 (Series), and is therefore not repeated
here.

HOLDING TOOLS

Holding tools refer to the various types of
pliers employed to hold, secure, clamp, twist,
bend, or act as wrenches in the performance
of maintenance. Those of primary concern to the
AME are vise grips, channel-lock, duckbill,
needle-nose, and wire-twister pliers. (See fig.
3-4.)

Adequate coverage on their selection, use,
care, and safety is contained in Tools and Their
Uses, NavPers 10085 (Series), and Airman,
NavPers 10307 (Series), and is therefore not
repeated here.

MISCELLANEOUS TOOLS

Miscellaneous tools are tools that do not
fall into the category of holding, turning, cutting,
or striking tools. Some of the miscellaneous
tools that are of concern to the AME are the
flashlight, mechanical fingers, inspection mir-
rors, and steel scales. (See fig. 3-5.)

The Rate Training Manuals, Tools, and Their
Uses, NavPers 10085 (Series), and Airman,
NavPers 10307 (Series), adequately cover the
use and care of these tools and is therefore
not repeated here.
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SPECIAL TOOLS

TORQUE WRENCHES

There are times when, for engineering
reasons, a definite pressure must be applied
to a nut. In such cases a torque wrench must
be used. The torque wrench is a precision
tool consisting of a torque-indicating handle
and appropriate adapter or attachments. It is
used to measure the amount of turning or twist-
ing force applied to a nut, bolt, or screw.

The three most commonly used torque
Wrenches are the Deflecting Beam, Dial Indi-
cating, and Micrometer Setting types (fig. 3-6).
When using the Deflecting Beam and the Dial
Indicating torque wrenches, the torque is read
visually on a dial or scale mounted on the
handle of the wrench.

To use the Micrometer Setting type, unlock
the grip and adjust the handle to the desired
setting on the micrometer type scale, then
relock the grip. Install the required socket or
adapter to the square drive of the handle.
Place the wrench assembly on the nut or bolt
and pull in a clockwise direction with a smooth,
steady motion. (A fast or jerky motion will
result in an improperly torqued unit.) When
the torque applied reaches the torque value
which is indicated on the handle setting, the
handle will automatically release or "break"
and move freely for a short distance. The re-
lease and free travel is easily felt, so there
is no doubt about when the torquing process
is complete.

To assure getting the correct amount of
torque on the fasteners, all torque handles
must be tested at least once a Month or more
often if usage indicates it is necessary.

The following precautions should be ob-
served when using torque wrenches:

1. Do not use the torque wrench as a ham-
mer.

2. When using the Micrometer Setting type,
do not move the setting handle below the lowest
torque setting. However, it should be placed at
its lowest setting prior to returning to storage.

3. Do not use the torque wrench to apply
greater amounts of torque than its rated capac-
ity.

4. Do not use the torque wrench to break
loose bolts which have been previously tight-
ened.

5. Never store a torque wrench in a tool-
box or in an area where it may be damaged.
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31

3 7

\4W2A000
MALE

ADAPTER

EXTENSION
BARS

FEMALE
ADAPTER

ADJUSTABLE
WRENCHES

A/14.1124



AVIATION STRUCTURAL MECHANIC E 3 & 2

BALL PEEN HAMMER

PLA:3TIC HAMMER

PLASTIC FACE

AM.23
Figure 3-3.Striking tools.

SPANNER WRENCHES

Many special nuts are made with notches
cut into their outer edge. For these nuts a hook
spanner (fig. 3-7) is required. This is a wrench
that has a curved arm with a lug on the end.
This lug fits into one of the notches of the nut.
The spanner may be made for just one particular
size notched nut, or it may have ahinged arm to
adjust it to a range of sizes.

Pin spanners have a pin in place of a hook,
and the pin fits into a hole in the outer part of
the nut. Face pin spanners are designed so that
the pins fit into holes in the face of the nut.

AME's use several different types of spanner
wrenches which are manufactured for a specific
job. Figure 3-8 shows a special spanner being
used on the firing mechanism of an ejection seat.

TENSIOMETER

The tensiometer is an instrument used in
checking cable tension. The amount of tension
applied in a cable linkage system is controlled
by turnbuckles in the system. NOTE: Tension is
the amount of pulling forces applied tothe cable.

A tensiometer is a useful instrument, but
is not precision-built. It is inaccurate for cable

tensions under 30 pounds. All tensiorneters in
use must be checked for accuracy at least once
a month.

One type of tensiorneter is shown in figure
3-9. This instrument works on the principle of
measuring the amount of force required to de-
flect a cable a certain distance at right angles
to its axis. The cable to be tested is placed
under the two blocks on the instrument, and the
lever assembly on the side of the instrument is
pulled down. Movement of this lever pushes up
on the center block, called a riser. The riser
pushes che cable at right angles to the two
clamping points. The force required to do this
is indicated by a pointer on the dial. Different
risers are used with different size cables. Each
riser carries an ident ifying number and is easily
inserted in the instrument.

Each tensiometer is supplied with a cali-
bration table to convert the dial readings into
pounds. One of these calibration tables is illus-
trated in figure 3-9. For example, in using a
No. 2 riser with a 1/16-inch diameter cable,
if the pointer on the dial indicates 48, the actual
tension on the cable is 100 pounds. It will be
noted that in the case of this particular instru-
ment, the No. 1 riser is used with 1/16, 3/32-,
and 1/8-inch diameter cables.

CAUTION: The calibration table applies to
the particular instrument only and cannot be
used with any other. For this reason, the cali-
bration table is secured inside the cover of the
box in which the instrument is kept. The chart
is serialized with the same serial number as
the instrument.

During the adjustment of turnbuckles, the
calibration table must be used to obtain the
desired tension in a cable. For example, if it
is desired to cbtain a tension of 110 pounds in
a 3/16-inch diameter cable, the No. 2 riser is
inserted in the instrument and the figure oppo-
site 110 pounds is read from the calibration
table. In this case the figure is 52. The turn-
buckle is then adjusted until the pointer indicates
52 on the dial.

In some cases, the position of the tensiom-
eter on the cable may be such that the face of
the dial cannot be seen by the operator. In such
cases, after the lever has been set and the
pointer moved on the dial, the brake lever rod
on the top of the instrument is moved forward
and locks the pointer in place. Then the lever
assembly is released and the instrument re-
moved from the cable with the pointer locked in
position. After the reading has been taken, the
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Figure 3-4.Holding tools.
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DIAL
INDICATING

MICROMETER
SETTING

Figure 3-6.Torque wrenches.

brake lever rod is moved to the off position and
the pointer will return to zero.

The tensiometer, like any other measuring
instrument, Is a delicate piece of equipment and
should be handled carefully. Tensiometers
should never be stored in a toolbox.

Temperature changes must be considered in
cable type systems silwe this will affect cable
tensions. When a temperature is encountered that
is lower than that at which the aircraft was
rigged, the cables become slack because the
aircraft structure contracts more than the
cables. When temperatures higher than that at
which the aircraft was rigged are encountered,
the aircraft structure expands more than the
cables, and the cable tension is increased.

The cable in any cable linkage system are
rigged in accordance with a temperature chart
which is contained in the applicable Maintenance
Instructions Manual. This chart will give the
proper tensions for the various temperature
changes above and below the temperature at
which the system was rigged.

AIRCRAFT SPECIAL TOOLS

Each activity supporting aircraft has an
allowance of special tools to support a specific
model of aircraft. The allowance of special tools
has already been explained in this chapter. The
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AME comes in contact with many of these tools
whUe maintaining egress systems and pressuri-
zation and air-conditioning systems. Listed
below are four of the special tools which the
AME may use when maintaining the Martin-
Baker Ejection Unit.

1. Top Latch Mechanism Handwheel. This
tool (fig. 3-10) is used in the installation and
removal of the Martin-Baker ejection Beat. It ls
used to back the top latch plunger out of the
ejection gun inner tube breech, (The top latch
mechanism is described and illustrated in
chapter 9.)

2. Spring Scale. Spring scales are used in
many places when maintaining ejection seats.
Figure 3-11 shows a spring scale being used to
check sticker clip tension. (Sticker clips are
discussed in chapter 9. )

3. Drogue Gun Cocking Tool. This tool (Fig.
3-12) is used to cock the firing mechanism of
the Martin-Baker drogue gun assembly.

4. Time Release Cocking Tool. This tool
(fig. 3-13) is used for cocking both the rack
plunger and the shackle release plunger.

TUBING

Modern day aircraft have hundreds of feet of
fluid lines running throughout the wings and
fuselage. These lines may be either rigid tubing
or flexible hose.

LI I
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Figure 3-7.General-purpose spanner

wrenches.

Rigid tubing assemblies are made up mainly
of aluminum alloy or stainless steel tubing. How-
ever, copper tubing is used in certain parts of
some oxygen systems.

Two aluminum alloys are in common use
alloy 5052 may be used for lines carryingpres-
sures up to 1,500 psi, and alloy 6061 for pres-
sures up to 3,000 psi.

As a general rule, exposed lines are lines
subject to abrasion, intense heat, or extremely
high pressures, are made of stainless steel.
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Flexible hose is generally used in connection
with moving parts or where a line is subject to
considerable vibration.

The AME is responsible for maintaining
some of these fluid systems in the aircraft
which frequently involves the fabrication and re-
placement of tubing and flexible hose assemblies.

FLUID LINE IDENTIFICATION

Each fluid line in the aircraft s identified
by bands of paint or strips of tape around the
line near each fitting. These identifying media
are applied at least once in each compartment.
Various other information is also applied to the
lines.

Identification tapes are applied to all lines
less than 4 inches in diameter except cold lines,
hot lines, lines in oily environment, and lines
in engine compartments where there is a pos-
sibility of the tape being drawn into the engine
intake. In these cases, and all others where
tapes should not be used, painted identification
is applied to the lines.

Identification tape codes indicate the function,
contents, hazards, direction of flow, and pres-
sure in the fluid line. These tapes are applied
in accordance with MIL-STD-1247. This stand-
ard was issued in order to standardize fluid line
identification throughout the Department of De-
fense. Figure 3-14 illustrates the method of
applying these tapes as specified by this stand-
ard.

The function of a line is identified by use of
a tape, approximately 1 inch wide, upon which
word(s), color(s), and geometric symbols are
printed. Functional identification markings, as
provided in MIL-STD-1247, are the subject of
international standardization agreement. Three-
fourths of the total width on the laft side of the
tape has a code color or colors which indicate
one function only per color or colors. The func-
tion of the line is printed in English across the
colored portion of the tape; therefore, even a
non English-speaking person can troubleshoot
or maintain the aircraft if he knows the code
but cannot read English. The right-hand one-
fourth of the functional identification tape con-
tains a geometric symbol which is different for
every function. This is to insure that all tech-
nicians, whether English speaking or not, who
may be colorblind may still be able to positively
identify the line function by means of the
geometric design rather than by the color(s) or
word(s). Figure 3-15 is a listing, in tabular
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SPANNER
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Figure 3-8.Special spanner wrench.

form, of functions and their associated identi-
fication medla as used on the tapes.

The identification-of-hazards tape shows the
hazard associated with the contents of the line.
Tapes used to show hazards are approximately
one-half inch wide, with the abbreviations of the
hazard contained in the line printed across the
tape. There are four general classes of hazards
found in connection with fluid lines. These
hazards are outlined in the following paragraphs.

Flammable material (FLAM). The hazard
marking "FLAM" is used to identLfy all mate-
rials known ordinarily as flammables or com-
bust ibles.

Toxic and poisonous materials (TOXIC). A
line identified by the word "TOXIC" contains
materials which are extremely hazardous to
life or health.

Anesthetics and harmful materials (AAHM).
All materials productive of anesthet lc vapors and
all liquid chemicals and compounds hazardous to
life and property, but not normallyproductive of
dangerous quantities of fumes, or vapors, are
in this category.

Physically dangerous materials (PHDAN). A
line which carries material which is not danger-
ous with in itself, but which is asphyxiating in
confined areas or which is generally handled in
a dangerous physical state of pressure or tem-
perature is identified by the marking"PHDAN."

AM.32

Table 3-1 lists some of the fluids with which
the AME may be required to work and the haz-
ards associated with each.

Table 3-1. Hazards associatedwith various
fluids.

Contents Hazard

Air (under pressure)
Alcohol

Carbon dioxide

Freon

Gaseous oxygen

Liquid nitrogen

Liquid oxygen

LPG (liquid petroleum gas)

Nitrogen gas

Oils and greases
JP-5
Trichlorethylene

PHDAN

FLAM

PHDAN

PHDAN

PHDAN

PHDAN

PHDAN

FLAM

PHDAN

FLAM

FLAM

AAHM
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BRAKE LEVER ROD

LEFT SECTOR-----RIGHT

NO. 2 RISER

0 CABLE TENSION 100
INDICATOR

3/16"
DIAMETER CABLE

LEVER ASSEMBLY

No. 1 Riser No. 2 No. 3
DIA 1/16 3/32 1/8 Tension

Lbs,
5/32 3/16 7/32 1/4

14 15 21

18 22 27
23 27 33
27 32 39

31 37 44
35 41 49
39 45 54
43 49 59

46 53 63
49 57 67
53 61 71
56 65 75
59 68 79

62 71 82
65 74 86
68 77 90
70 80 93
72 83 96

30

40

50

60
70

80

90

fiTTI

14

18

22

26

29

32

35

38

20

25

29

33

37

41

45I
110

120

130

140

150

160

170

180

190

200

220

240

260

280

300
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44
47

49
51

54

56

58

60
62

66
70

74

78

80

52

55

58

61
64

67

70

72

74

76

81

85

89

93

97

Typed figures are inscru-
ment scale reading cor-
responding to tension
Instrument No,, 6659
Model 401-1C-2

AM.33
Figure 3-9.Cable tensiometer and chart.

TUBING SIZES (OD) and wall thickness. Outside diameter sizes
are in sixteenth-inch increments, the number of

The tubing used in the manufacture of rigid the tube indicating its size in sixteenths of an
tubing assemblies is sized by outside diameter inch. Thus, No. 6 tubing is 6/16 or 3/8 inch;
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TOP LATCH
MECHAMSM

HOUSING

Figure 3-10.--Top latch mechanism handwheel.

No. 8 tubing is 8/16 or 1/2; etc. Wall thickness
is specified in thousandths of an inch.

Replacement tubing assemblies should be
fabricated from the same type material as the
original part. Most aircraft Maintenance In-
structions Manuals contain a table of acceptable
substitutes which lists the original material and
wall thickness and substitutes with wall thick-
nesses for each.

The Mustrated Parts Breakdown (IPB) for
most aircraft provide necessary information to
determine the correct tubing for the particular
system. In many cases the IPS will refer to an
applicable drawing number. The drawing will
include specific information concerning the type
of tubing, size, length of tubing runs between
bends, etc. If the tubing section is complicated
to manufacture and usage of the section (re-
moval and replacement) Justifies it, the tubing
section may be stocked in the supply system as
a standard stock Rem rather than a local manu-
facture item.

TUBE FITTINGS

Fittings for tube connections are made of
aluminum alloy, steel, and corrosion-resistant
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steel (CBES). Fittings are made in many shapes
and forms, each designed to fulfill certain re-
quirements. The following paragraphs cover two
common styles of tube fittingsthe flared (AN)
4.3rpe and the flareless (MS) type. Also covered
. ere is the metal lip-seal fitting, which is being
used on the A-7 and A-4 aircraft.

Flared-Tube Fittings (AN)

The flared-tube fitting (fig. 3-16) consists
of a sleeve and a nut. The sleeve fits directly
over the tube, and one end is countersunk at the
same angle as the tubing flare. The nut fits over
the sleeve, and when tightened, draws the sleeve
and tubing flare tightly against the male fitting
(connector) to form the seal. The male fitting
has a cone-shaped surface with the same angle
as the inside of the flare. The sleeve hupports
the tube so that vibration does not concentrate
at the edge of the flare, and distributes the
stresses over a wider area for added strength.

Flared-tube fittings are identified by their
color. Aluminum alloy fittings are blue, and steel
fittings are black.
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Figure 3-11.Use of a spring scale.

Flare less-Tube Fittings (MS)

The flareless-tube fitting shown in figure
3-17 consists of a sleeve and a nut. Notice that
the tubing is not flared. (In order to effect a
seal between the tubing and the sleeve, an op-
eration called presetting is performed which is
discussed later in this chapter). The connector
has a counterbore, a portion of which is beveled
24 degrees. The seat in the connector forms a
stop for the tube, and the beveled area causes
the sleeve to seal the connection as the nut is
t ightened.

There are two types of flareless-tube fit-
tings in current use. The newer most widely
used type consists of a long sleeve (MS21922)
and short nut (MS21921). The older type consists
of a short sleeve (MS21918) and a long nut
(MS 21917).

Flareless-tube fittings are made of aluminum
and steel. The aluminum fittings are identified,
visually, by their green and yellow color, which
is caused from the anodizing treatment. Steel
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fittings are cadmium plated, which makes their
color a silvery-white.

Metal Lip-Seal Fittings

Metal lip-seal fittings (unions, reducers,
and plugs) are utilized throughout most brazed
tubing type systems. Figure 3-18 illustrates a
metal lip-seal plug and union or reducer. These
fittings are identical in application to the con-
ventional fluid fitting common to most AM's.
The major difference between conventional type
fluid fittings and the lip-seal type is the manner
in which they form a fluid pressure seal when
installed in the port of a component. The con-
ventional fitting requires the use of an 0-ring
seal. The metal lip-seal fittings utilize an
integral metal contact seal (fig. 3-18). When
the lip-seal fittings are installed in the port of
a component and voperly tightened, the metal
contact seal area provides pressure-assist type
sealing without the use of 0-rings. The two
types of fittings are completely interchangeable;
however, the lip-seal fittings provide better
system integrity because of the absence of
0-r ings.

Tapered Pipe
Thread Fittings

The threaded portion of pipe fittings used
with oxygen system components are tapered so
that when they are tightened, the male threads
of the fitting are forced into the female (in-
ternal) threads of the component, creating a
seal. Some Maintenance Instructions Manuals
will call for using an approved military speci-
fication antisieze on the pipe threads to make
removal of the fitting easier.

REMOVAL AND REPLACEMENT
OF DAMAGED TUBING

All tubing is pressure tested prior to in-
stallation and is designed to withstand several
times the operating pressure to which it will
be subjected. If a tube bursts or cracks, it is
generally the result of excessive vibration,
improper installation, or from damage caused
by collision with an object. All tubing failures
should be carefully studied and the cause of
the failure determined if possible. Replacements
should be of the same size and material as the
original or an acceptable substitute. The appli-
cable Maintenance Instructions Manual usually
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AM.36
Figure 3-12.Drogue gun cocking tool.

lists acceptable substitutes for the original
material.

LAYOUT OF LINES

A damaged line should be crrefully removed
so that it may be used as a template or pattern
for the replacement item. If tl. I old piece of
tubing cannot be used as a pattern, an acceptable
one can be made by placing one end of a piece
of soft iron wire into one of t Lttings where
the tube is to be connected. Fori.i the necessary
bends in order to place the opposite end of the
wire into the other connection, When the tem-
plate satisfacto:ily spans the k between the
fittings, it e sed as a r ,ez r to bend the
new tube.

Select a path w,di total degrees
of bend, as this reduces flow loss and simpli-
fies bending. Use a path with all bends in the
same plane, if possible.

Never select a path that requires no bends.
A tube cannot be cut or flared accurately
enough so that it can be installed satisfactorily
without bends. Bends are also necessary to
permit the tubing to expand or contract under

temperature changes and to absorb vibration.
If the tube is small (under 1/4 inch) and can
be hand formed, casual bends may be made to
allow for this. If the tube must be machine
formed, definite bends must be made to avoid
a straight assembly.

Care must be taken to start all bends a
reasonable distance from the end fittings, as
the sleeves and nuts must be slipped back along
the tube during the fabrication of flares and
during inspections. In all cases, the new tube
assembly should be so formed prior to installing
that it is not necessary to PULL or DEFLECT
the assembly into alignment by means of the
coupling nuts.

TUBE CUTTING

The ideal objective, when cutting tubing, is
to produce a square end, free from burrs.
Tubing may be cut with a tube cutter or a fine-
tooth hacksaw.

Correct use of the tube cutter is shown in
figure 3-19. The procedure is as follows: Place
the tube in the cutter with the cutting wheel at
the point where the cut is to be made. Tighten
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Figure 3-13.Time release cockingtooi.

the adjusting knob so as to apply light cutter
pressure on the tube, then rotate the cutter
toward its open side, as shown in the illustra-
tion. As the cutter is rotated about the tube,
continue to apply light pressure to the cutting
w:10.11 by intermittently tightening the knob. Too
much pressure applied to the cutting wheel at

time may deform the tubing or cause ex-
cc::r ive burrs. After the cut is completed,
remwe all burrs inside find outside, then clean
',f," tube to make sure no foreign particles
remain.

If a tube cutter is not available, a fine-tooth
(32 teeth per inch) hacksaw may be used in cut-
ting tubing. A convenient method of holding tubing
when cutting it with a hacksaw is to place the
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tube in a flaring clock and clamp the block in a
vise. After cutting tubing with a hacksaw, all
saw marks must be removed by filing. After
filing, remove all burrs and sharp edges from
the inside and outside of the tube as shown in
figure 3-20. Clean out the tube and make sure
no foreign particles remain.

TUBE BENDING

The objective in tube bending is to obtain a
smooth bend without flattening the tube. Tube
bending is usually accomplished with one of the
tube benders discussed in this section; however,
in case of an emergency, aluminum tubingunder
1/4 inch in diameter may be bent by hand.

NOTE: Aluminum alloy tubingused in oxygen
systems should not be bent by the hand method.

Hand Tube Bender

The hand tube bender (fig. 3-21) consists of
four partshandle, radius block, clip, and slide
bar handle. The radius block is marked in de-
grees of bend ranging from 0 to 180. The slide
bar handle has a mark which is lined up with the
zero mark on the radius block. The tube is in-
serted in the tool; and after lining up the marks
the slide bar handle is moved around until the
mark on the slide bar handle reaches the desired
degrees of bend on the radius block.

Mechanical Tube Bender

The tube bender shown in figure 3-22 is
issued as a kit. The kit contains the equipment
necessary for bending tubing from 1/4 inch to
3/4 inch in diameter.

This tube bender is designed for use with
aircraft grade, high-strength, stainless-steel
tubing, as well as all other metal tubing. It is
designed to be fastened to a bench or tripod,
and the base is formed so as to provide a
secure grip in a vise.

The simple hand bcnder shown in figure
3-21 uses two handles as Xevers to provide the
mechanical advantage necessary to bend the
tubing, while this type tube bender employs a
handcrank and gcars. The forming die is keyed
to the drive gear and secured by a screw (fig.
3-22).

The forming die on the mechanical tube
bender is calibrated in degrees similar to the
radius block of the hand type bender. A length
of replacementtubing may be bent to a specified
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Figure 3-14.Fluid line identification application.

FUNCTION COLOR SYMBOL

Fuel Red +
Rocket Oxidizer Green, Gray

2)

Rocket Fuel Red, Gray 40
Water Injection Red, Gray, Red NO,

Lubrication Yellow

Hydraulic Blue, Yellow 111

Solvent Blue, Brown
wpmemm
ammo=
mamma

Pneumatic Orange, Blue if
Instrument air Orange, Gray S
Coolant Blue 011110

Breathing Oxygen Green

Air Conditioning Brown, Gray
Of.

Monopropellant Yellow, Orange rYWN
m

Fire Protection Brown AP

De-Icing Gray A

117-----Rocke, Catalyst Yellow, Gruen

remores.,,ed ga!, 'irange 4011
.....

Electg.ical Conduit Brown, Orange 4*

Inerting Orange, Green
JL,
''.4.?

Figure 3-15.Functional identification tape data.
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Figure 3-16.Flared-tube Laing.

number of degrees or it may be bent to duplicate
the bend in the damaged tube or pattern. Dupli-
cating the bend of a damaged tube or pattern
is accomplished by laying the pattern on top of
the tube being bent and slowly bending the new
tube to the required bend. NOTE: Certain types
of tubing are more elastic than others; therefore,
it may be necessary to bend the tube past the
required bend to allow for springback.

PLUG
TANDARD

ANDI0050 Boss

24*

SEAT

MS
CONNECTOR

SLEEVE

11

1111111111111111111111111

NUT

COMPONENTS

AM.69
Figure 3-17.Flavoless-tube fittings.

TUBE FLARING

A hand flaring tool similar to that shown in
figure 3-23 is usually used for single flaring
tubing. This tool consists of a flaring block or
grip die, a yoke, and a plunger or flaring pin.
The grip dle consists of two steel blocks hinged
at one end and held in alignment by a pilot pin.
A number of countersunk holes, varying in size
to conform with tube diameters and with counter-
sinks matching standard flare angles and radii,

INTEGRAL
ME TALCONT AC T

AL

UNION OR REDUCER INSTALLED IN

STANDARD AND10050 BOSS

Figure 3-18.Metal lip-seal fittings.
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Figure 3-19.Tube cutting.

are provided with half of the hole in each
block.

The yoke fits over the two halves of the grip
die and has a setscrew which is used to lock the
yoke at the desired position. The yoke also
serves as a centering guide for the plunger.
The plunger is tapered to the same angle as
the countersunk holes in the grip We.

To flare the end of a tube with this tool,
slip the fitting nut and sleeve onto the tube and

SECrION A-A

A

AM.71
Figure 3-20.Properly burred tubing.

place the tube in the proper size hole in the
grip die. (The end of the tube should extend
1/64 inch above the surface uf the grip die.)
Center the plunger over the end of the tube and
tighten the yoke setscrew to secure the tubing
in the grip die and hold the yoke in place.
The flare is made by striking the plunger sev-
eral light blows with a hammer or mallet.
Turn the plunger a half turn after each blow
and make sure it seats properly before re-
moving the tube from the grip die. After com-
pleting the flare, inspect to insure that no
cracks are evident. NOTE: The flared end of
the tube should not be any larger than the
largest diameter of the sleeve being used.

Double flares should be used on all 5052
aluminum alloy tubing up to 3/8-inch diameter.
Steel tubing need not be double flared. The
double flare reduces cutting of the flare by
overtightening and the consequent failure of
the tubing assembly under operating pressure.
Aluminum alloy tubing used in low-pressure
oxygen systems should always be double flared.
Figure 3-24 (view3 A and B) shows two of the
tools used in the manufacture of double flared
tube aosemblies. Figure 3-24 (view C) shows
the results of proper and improper flaring.

This flaring tool is issued as a kit. The
kit contains a tool body, a ram, and a finish
flare punch. Also included are a set of die
blocks and an upset flare punch for each size
of tubing which may be flared with this kit.

To double flare a tube assembly, prepare
the end of the tube as shown in figure 3-20.
Select the proper size die blocks and proceed
as follows:

1. Place one-half of the die block in the
flaring tool body with the countersunk end to-
wards the ram guide.

2. Install the nut and sleeve and lay the
tubing in the die block with approximately 1/2
inch protruding beyond the countersunk end.

3. Place the other half of the die block
into the tool. Close the latch plate and tighten
the clamp nuts finger tight.

4. Insert the upset flare punch in the tool
body with the gage end toward the die blocks.
NOTE: One end of the upset flare punch is
counterbored or recessed to gage the amount
of tubing needed to form a double lap flare.
Insert the ram and tap lightly with a hammer
or mallet until the upset flare punch meets the
die blocks and the die blocks are firmly set
against the stop plate on the bottom of the
tool.
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NOTE THIS BENDER CAN BE SLIPPED OVER
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LIFT HAND
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.//wi
LEFT HAND
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LIFT SLIDE BAR HANDLE TO
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/
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HAND C,
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AS SHOWN BFLOW

/MARK
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A BEND OF
WY DON( AS
SHOWN IN ABOVE
STEPS

Figure 3-21. Tube bending.
AM.72

5. Tighten the latch plate nuts with a wrench. body and tap lightly with a hammer or mallet
Tighten the nuts alternately, beginning with the until the upset flare punch contacts the die
closed side to prevent distortion of the tool. blocks.

6. Reverse the upset flare punch and insert 7. Remove the upset flare punch and ram.
it in the tool body. Insert the ram into the tool Insert the finishing flare punch and ram. Tap
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Figure 3-22.Mechanical tube bending tool.

the ram lightly unta a good seat is formed.
Always check the seat at intervals during the
finishing operation to avoid overseating.

A finished double flare is shown in figure
3-24 (view C).

CAUTION: When fabricating oxygen lines,
insure that all tools are kept free of oil and
grease.

Double flaring 5/16-inch oxygen tubing re-
quires a slightly different flaring procedure
using a hand flaring tool similar to the one
shown in figure 3-24, view B.

The tubing is prepared for flaring in the
same manner as previously discussed, and the
sleeve and nut are placed on the end of the tubing.
The clamp blocks of the flaring tool are sepa-
rated, and the tubing is placed between the
clamp blocks with the tubing protruding slightly
above the top surface of the blocks. Next,
close the clamp blocks, slide the harness into
position and tighten the clamp blocks by tighten-
ing the screw and bar type handle on the side
of the harness, using moderate tighteningforce.

Hold the flare tool in the palm of the hand,
as shown in figure 3-24, view B, with the tubing
extended between the second and third fingers.
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Insert the gaging in into the pin guide hole
and tap the gaging pin with a light hammer until
the shoulders of the pin stop against the clamp
blocks. Remove the gaging pin from the pin
guide hole.

Tighten the clamp blocks securely to pre-
vent any sliding of the tubing during the flaring
steps. Hold the tool as before and insert the
starang pin into the pin guide hole and hammer
it with s:arp blows of moderate force until the
shoulder of the starting pin stops against the
clamp blocks.

Remove the starting pin and insert the
finishing pin in its place. Hammer the finishing
pin in the same manner until the shoulder of
the finishing pin stops against the clamp blocks.
Remove the finishing pin and unclamp the tubing.

If the flaring tool is used correctlj, the out-
side diameter of the flare should be within the
specified tolerance. Incorrect flares should be
cut off and the tubing flared again. A short
inner flare is caused by inserting the tubing too
low in the clamp blocks or by the tubing slipping
in the clamp blocks during the flaring opera-
tion. It should not be used because of the short
bearing surface against the fitting nipple.
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AM.74
Figure 3-23.Tube flaring tool (single flare).

A long inner flare is caused by improper
gaging and should not be used as it will restrict
the flow passage.

PRESETTING FLARELESS
TUBE FITTINGS

Although the use of flareless-tube fittings
eliminates all tube flaring, another operation,
referred to as PRESETTING, is necessary prior
to installation of a new MI reless-tube assembly.
Presetting is necessary to form the seal betweep
the sleeve and the tube without damaging the
connector.

Presetting should always be accomplished
with a presetting tool as shown in figure 3-25.
These tools are machined from tool steel and
hardened so that they may be used with a mini-
mum of distortion and wear. It is recommended
that a mandrel be used during the sleeve pre-
setting operation. A mandrel consists of a short
piece of solid bar of any hard material such as
steel. It should have an outside diameter of
0.002 to 0.005 inch less than the inside diameter
of the tube. Using a mandrel assists in attaining
an improved sleeve cut during the presetting
operation- For field use, a short piece of drill
rod of the proper diameter may be used as a
mandrel. The mandrel should be lung enough
to support the tube inside diameter at the sleeve

cut and. also at the point where the sleeve
shoulder grips the tube.

NOTE: A connector may be used as a pre-
setting tool in an emergency. However, when
connectors are used as presetting tools, alumi-
num connectors should be used only once and
steel connectors should not be used more than
five times. The presetting operation is described
in the following paragraphs:

NOTE: There are two types of flareless -tube
fittings in current use. The older type consists
of a short sleeve (M521918) and a long nut (MS
21917). The newer type consists of a long sleeve
(M521922) and a short nut: (MS21!"1), .ie pre-
setting operation for the two types colfel.s to
some extent. These differences are pointed out
as applicable in the following discussion:

1. Cut the tubing to the correct length, with
the ends perfectly square. Burr the inside and
outside of the tube. Slip the nut and then the
sleeve over the tube, making certain that the
pilot and the cutting edge of the sleeve point
toward the end of the tube. (See fig. 3-25.) It a
mandrel is used, it should be inserted in the
tube at this time.

2. Lubricate the threads of the presetting
tool and the nut with the approved lubricant. Hy-
draulic fluid, Specification MIL-H-5606, is the
approved lubricant for hydraulic lines; and
pneumatic grease, Specification MIL-G-4343, is
the approved lubricant for pneumat ic lines. Refer
to NA 01-1A-8, Structural Hardware, for the
approved lubricants for other systems.

CAUTION: Hydraulic fluid or any other
petroleum base lubricants must not be used as
a thread lubricant for oxygen lines.

3. Place the tool in a vise and hold the tub-
ing firm and square on the seat in the tool. (The
end of the tube must bottom firmly in the tool.)
The tube should be rotated slowly between the
thumb and fingers while the nut is turned down
until the sleeve seizes on the tube. When the tube
no longer turns, the nut is ready bor final tighten-
ing.

4. The final tightening force necessary to
set the sleeve on the tube depends on the type
of fat trig. When presetting the older type fittings,
tighten the nut (M521917) 1 1/6 more turns for
all sizes of tubing and all types of tubing ma-
terial. This force sets the sleeve (MS21918) on
the tube.

When presetting the newer type fittingtne
long sleeve (M521922) and the short nut (MS
21921)the required tightening force varies.
If a mandrel is used, the final tightening force
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FINISH
FLARE
PUNCH

DIE BLOCKS

(A)

UPS7
F L ARE
PUNCH

CORRECT INCORRECT

GAGING
PIN

STARTING FINISHING
PIN

(B)

INCORRECT

RESULT OF RESULT OF
TUBING TUBING

TOO LOW TOO HIGH

RESULTS OF FLARING

(C)

3-24.Tube flaring tools (double flare).

varies with the size o the tubing. If a mandrel
is not used, the tightening force varies with the
size, wall thickness, and material of the tubing.
Tables of these tightening forces (turn values)
are presented in NA 01-1A-8. These tables
should be consulted when presetting this type
fitt ing.

The final tightening force permanently as-
sembles the sleeve to the tube. Sleeves should
not be removed from the tube and reused under
any conditions.
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After presetting (fig. 3-26), the nut should
be uncoupled from the presetting tool, and the
sleeve and tube inspected for the following:

1. The sleeve cutting lip should be embedded
into the tube outside diameter approximately
0.003 to 0.008 inch (distance (X) in figure 3-26),
depending on the size and material of the tubing.
As shown, a lip of material will be raised under
the pilot. The pilot of the sleeve should contact
or be quite close to the outside diameter of thi.
tube. (See distance (Y).) The tube projection from
the pilot of the sleeve to the end of the tube
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PRESETTING
TOOL

SLEEVE ,NUT

11111t1 .

SLEEVE PILOT SLEEVE

PRESETTING TOOL CUTTING EDGE

SEALING POINTS SPRING WASHER EFFECT

AM.76
7igure 3-25.Presetting flareless-tube

assembly.

(distance (Z)) should be approximately as listed
in table 3-2. These figures will vary with wall
thickness for a given size.

5

2. A slight collapse of the inner diameter of
the tube at the sleeve cut and at the shoulder
is permissable.

3. The sealing surface of the sleeve must be
smooth and free from nicks and scratches.

4. The sleeve should be slightly bowed and
rotation of the sleeve is permitted. A 1; 64-inch
lengthwise movement of the sleeve is also per-
mitted.

5. As a final check to determine that the
fitting is properly preset, it should be proof
tested at a pressure equal to twice the intended
working pressure.

REMOVING OIL AND GREASE
FROM OXYGEN TUBING ASSEMBLIES

Most raw tubing material is stored with a
light film of protective oil ap,.ilied to prevent
surface corrosion. Following manufacture of
tubing assemblies to be used in oxygen systems,
they must be cleaned thoroughly to remove all
traces of oil and i;:ease. There are two methods
of removing oil nd grease:
Method A and Method B.

Method A c Insists of vapor degreasing the
tubing assembly with stabilized trichloroethy-
lene, which conforms to Military Specification
O-T-634, Type 2. Proper cleaning is accom-
plished by allowing the complete tubing assembly
to remain in a vapor degreaser unitl the speci-
fied temperature of the degreaser is reached.
The tubing is then removed from the degreaser
and blown clean and dry with a stream of clean,
dry, water-pumped air.

Oil-pumped air must not be used as a subs-
titute for the water-pumped air because oil
vapor deposits would remain in the tubing.
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Figure 3-26.Preset sleeve flareless-tube

fitting.
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Table 3-2.Distance from sleeve to tube end.

Tube size Tube projection

3/16 7/64
1/4 7/64
5/16 5/32
3/8 11/64
1/2 3/16
5/8 13/64
3/4 7/32
1 15/64

Gaseous oxygen or clean water-pump rogen
may be used as a substitute for aater-
pumped air.

Every precaution must be taken to insure
that the tubing and its fittings are absolutely
clean. After cleaning, the tubing should be
treated with a brush coat of chemical film
surface treatment (MIL-C-5541). Use of this
chemical film is discussed in chapter 4.

If a vapor degreasing tank is not available
method B is used to insure tubing cleanliness.
This method consists of flushing the tubing with
trichloroethylene conforming to Military Speci-
fication MIL-T-27602. The tubing is then blown
clean and dry with water-pumped air followed
by another flushing with anti-icing fluid conform-
ing to Military Specification TT-I-735. Following
the second flushing, the tubing is dried with a
stream of clean, dry, water-pumped air or by
heating at a temperature of 250° to 300F or a
suitable period of time. Following cleaning and
drying, the tubing is chemically treated as sped-
fied in methcd A.

INSTALLATION OF
TUBE ASSEMBLIES

Before a iubing assembly is installed in an
aircraft, it should be carefully inspected. Dents
and scratches should be removed (if possible
without weakening the tube) prior to installation.
The proper nuts and sleeves should be installed
and a proper fit obtained where the tubing is
flared. Flareless assemblies should be checked
for proper presetting. Each tube assembly
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should be proof pressure tested to twice its
operating pressure prior to installation. The
tubing assembly should be clean and free from
all foreign matter.

The nuts should be hand screwed to the
mating connector, then tightened with the proper
wrench. The tubing assembly should not have
to be pulled into place with the nut, but should
be properly aligned pl 'or to tightening.

Tubing which runs through cutouts should be
installed with care so that it will not be scarred
when worked through the hole. If the tubing
assembly is long, the edges of any cutouts should
be taped before the tubing is installed.

It is important to tighten tube fitting nuts
properly. A fitting wrench or open end wrench
should be used when tightening tube ^.onnections.
NOTE: Pliers should never be usel to tighten
tube connections.

Flared-Tube Assemblies

Correct and incorrect methods of installing
flared-tube assemblies are illustrated in figure
3-27. Proper torque values are given in tables
3-3 and 3-4. It must be remembered that these
torque values are for flared-tube fittings only.

If an aluminum alloy tube assembly leaks
after tightening to the required torque, it must
not be tightened further. Overtightening may
severely damage or completely cut off the tubing
flare or may result in damage to the sleeve or

DO NOT DEFLECT INTO PLACE;
REPLACE TUBE ASSEMBLY

INCORRECT-WILL DAMAGE
FLARE OR THREADS, OR CAUSE
SLEEVE TO CRACK UNDER
VIBRATION IF TIGHTENED

INCOARECT -MAY PULL OFF OR
1 DISTORT FLARE IF TIGHTENED

CORRECTLY PITTED

AND TIGHTENED

0 025 CLEARANCE BETWEEN

FLARE AND SHOULDER

BEFORE TIGHTENING

AM.77
Figure 3-27.Flared fittings installed correctly

and incorrectly.
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Table 3-3.Torque limits for flared-tube
fittings (inch pounds).

B-Nut torque

Tube (OD)
(inch)

TUBIN

High pressure steel
Low pressure

aluminum

Steel
nut

(AN817)

Aluminum
nut

(AN818)

Aluminum
nut

(AN817&818)

3/16 80 28

1/4 125 105 50

5/16 160 160 78

3/8 230 230 112

1/2 430 430 200

5/8 700 700 312

3/4 1000 450

1 600

NOTE: AN 817 and AN 818 nuts are manu-
factured from steel and aluminum.

nut. The leaking connection should be disas-
sembled and the fault corrected. Common faults
are as follows:

1. Flare distorted into the nut threads.
2. Sleeve cracked.
3. Flare out of round.
4. Flare cracked or split.
5. Inside of flare rough or scratched.
6. Connector mating surface rough or

scratched.
7. Threads of connector or nut dirty, dam-

aged, or broken.
If a steel tube assembly leaks, it may be

.tightened 1/6 turn beyond the noted torque in
an attempt to stop the leakage; then if unsuc-
cessful it must be disassembled and repaired.

Undertightening of connections may be seri-
ous, as this can allow the tubing to leak at the
connector because of insufficient grip on the
flare by the sleeve. The use of a torque wrench
will prevent tmdertightening. CAUTION: A nut
should never be tightened wnen there is pressure
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Table 3-4.Torque values for double flared
type coupling nuts (oxygen system fittings).

Tube OD
(inch)

Torque (inch-pounds)

Working
torque

5/16

3/8

1/2

100

200

300

Maximum
torque

200

300

500

in the line, as this will tend to damage the con-
nection without adding any appreciable torque
to the connection.

Flareless-Tube Assembl ies
When installing flareless-tube assemblies,

inspect to that no scratches or nicks are
evident and that the sleeve is properly preset.

Lubricate the threads of the nuts and con-
nectors with hydraulic fluid. Place the assembly
in the proper position in the aircraft and finger
tighten clamps, brackets, supports, and nuts.
The tubing ends should fit snugly in the con-
nectors and require little pressure to hold them
in place. CAUTION: Hydraulic fluid must not be
used to lubricate fluid line connections in oxygen
systems.

Use the torque values that are listed in table
3-5. If it is not possible to use a torque wrench,
follow this procedure for tightening nuts: Run
the nut down tight, using the fingers if possible.
If this is impossible, use a wrench but be alert
for the first signs of bottoming. It is important
that final tightening commence at the point where
the nut just begins to bottom. With a wrench,
tighten the nut 1/6 of a turn (oneflat on hex nut).

After the tube assembly is installed, the
system should be pressure tested. Should a
connection leak, it is permissible to tighten the
nut an additional 1/6 turn (making a total of 1/3
turn). If after tightening the nut a total of 1/3
turn, leakage still exists, the assembly should
be removed and the components of the assembly
should be inspected for scores, cracks, presence
of foreign material, or damage from overtight-
ening. NOTE: Overtightening a flareless-tube
nut drives the cutting edge of the sleeve deeply
into the tube, causing the tul;:! to be weakened
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Table 3-5.Torque values for flareless fittings.

WRENCH TORQUE FOR 304 1/8 H STEEL TUBES

Tube
outside diameter Wall thickness

Wrench torque
inch-pounds

3/16 0.016 90-110
3/16 0.020 90-110
1/4 0.016 110-140
1/4 0.020 110-140
5/16 0.020 100-120
3/8 0.020 170-230
3/8 0.028 100-250
1/2 0.020 300-400
1/2 0.028 400-500

1/2 0.035 500-600

5/8 0.020 300-400

5/8 0.035 600-700
5/8 0.042 700-850

3/4 0.028 650-800

3/4 0.049 800-960

1 0.020 800-950

1 0.065 1600-1750

WRENCH TORQUE FOR 304-1A or 3471A STEEL TUBES

3/8 0.042 145-175

1/2 0.028 300-400

1/2 0.049 500-600

1 0.035 750-900

WRENCH TORQUE FOR 6061-T6 or T4 TUBES

1/4 0.035 110-140

3/8 0.035 145-175

1/2 0.035 270-330

1/2 0.049 320-380
5/8 0.035 360-440

5/8 0.049 425-525

3/4 0.035 380-470

1 0.035 750-900
1 1/4 0.035 900-1100

to the point where normal in-flight vibration
could cause the tube to shear. After inspection
(if no discrepancies are found), reassemble the
connections and repeat the pressure test pro-
cedures.

CAUTION: Do not tighten the nut beyond 1/3
turn (two flats on the hex nut); this is the maxi-

the fitting may be tightened without the
ibility of permanently damaging th sleeve

and tube.

Brazed Tube Assemblies

Brazed tubing systems are appearing in
many of the later model aircraft within the
Navy. The brazed tubing system includes a
multibranch feature which results in fewer
threaded connections and the near elimination
of 0-ring seals. A typical example of a brazed
assembly is provided in figure 3-28. Brazed
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BRAZE ALLOY FILLER 7

NUT AND

SLEEVE arP,

Figure 3-28.Brazed

tubing assemblies are made of rigid corrosion-
resistant steel and assembled with sleeves and
coupling nuts. Individual segments of the as-
sembly are generally identified by separate
part number and dash number and are brazed
together into an assembly. On some aircraft
such as the A-4F, a direction-of-flow arrow
is electroetched on each individual segment
of each tube assembly.

Maintenance of brazed tubing is limited to
identification marking maintenance, sleeve
sizing, segment repair, or complete assembly
replacement. Tubing identification maintenance
consists of installing color band tape on new
tubing assemblies and on existing assemblies
where the color bands have become lost, worn,
or illegible. The requirements, location, and
precautions for installing color band identifi-
cation are covered in Structural Hardware,
Nav Air 01-1A-8.

Overtightening of the B-nut on the flareless
type fitting used to connect most brazed tubing
assemblies usually results in damage to the
sleeve and consists of a necking down or swag-
ing of the tip. This necking down can usually
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AM.932
tubing assembly.

be corrected by the use of a sleeve sizing
punch assembly as illustrated in figure 3-29.
Because of the malleability of the sleeve ma-
terial, sizing can be accomplished several
times before the prospect of material failure
would require replacement of that segment,

SLEEVE SIZING.The sleeve sizing proce-
dure can be accomplished without removing
the line assembly from the aircraft, s ce
permitting. Disconnect the tube assembly and
connect the B-nut on the end of the tube as-
sembly to the threaded part of the body on the
punch assembly fingertight. Using a wrench
to hold the body, tighten the B-nut 1/6 turn
(one hex side) beyond fingertight. Next, still
holding the body of the punch assembly, slowly
turn the cap on the punch assembly until the
punch is bottomed in the extended position.
Reverse the wrench action to withdraw the
punch. Disconnect the punch assembly from
the tube assembly and inspect the sleeve.
Slight collapse of the tube assembly is per-
missible. No nicks or scoring marks are
allowed on the sleeve, and no movement of
of the sleeve except rotation is permissible.
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PUNCH

B-NUT

SLEEVE

PUNCH RETRACTED

TUBE

SLEEVE AND TUBE WALL
COLLAPSED

PUNCH EXTENDED

PUNCH

SLEEVE
TUBE

SLEEVE AND TUBE WALL SIZED.
SLIGHT COLLAPSE OF TUBE
WALL ACCEPTABLE

Figure 3-29.Sleeve sizingflareless itting.

Pressure test the repaired assembly for
leakage as specified in the applicable MM. If
the pressure test is positive, reconnect the tube
assembly to the aircraft system, airbleed the
lines, and service the system.

SEGMENT REPAIR.Whenever a segment
or a fitting of a brazed tubing assembly has been
damaged, it can generally be repaired. Figure
3-30 provides an example of typical segment re-
pairs to a damaged assembly. With all pressure
relieved in the system to be repaired, discon-
nect all couplings. Cap or plug all openings on
adjacent line 3 and components to prevent loss
of fluid and/or entrance of contamination. Cap
or plug all openings on the tube assembly ex-
cept two, one at the highest and one at the low-
est openings. Pour suitable solvent into the
highest Lpening to remove all system residue.
Connect 20 to 40 psi of air pressure upstream
of any cutting, burring, and sleeve presetting
operations and insure that the coupling down-
stream is open for purge air exit. Brazed
oxygen tubing assemblies must be purged using
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clean, exy, water pumped air or nitrogen as
specified the MIM. This will prevent entry
of metal t; cles in the system. The procedures
for repair of such tubing assemblies may vary
slightly in the various MD/I's. Following repair,
the assembly must be tested.

Oxygen System Tube Assemblies
Care ny'st be taken at all times to keep the

tubing clean and free from foreign matter dur-
ing installation. The use of threadantisieze tape
(polytetrafluroethyleneMIL-T-27730A) should
be limited to tapered male pipe threads. Thread
compounds or tape should not be used on oxygen
flared tube fitting threads.

Thread antisieze tape (size 1 1/4 inch wide)
is used on 1/8, 1/4, and 3/8 inch pipe threads.
Thoroughly clean the male and female threads,
assuring that all previously applied tape or com-
pound is removed. Wrap the antisieze tape in
the direction of the spiral of the male pipe
threads, beginning with the third thread. If maxi-
mum tolerance diameter female fittings are
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DAMAGE

DAMAGE
DAMAGE Tc

BRAZED TEE

DAMAGE TO
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EXISTING TUBE ASSEMBLY

DAMAGE TOO CLOSE

TO BRAZED TEE FOR

SPLICE REPAIR

TYPICAL DAMAGE AREAS

REWORKED TUBE ASSEMBLY

NEW FITTING

NEW FABRICATED TUBE

SPLICE ASSEMBLY

NEW FITTING

NEW FITTING ASSEMBLY

AIM=

REWORKED TUBE ASSEMBLY

NEW FITTING ---17774

REWORKED TUBE ASSEMBLY

EXISTING FITTING

NEW FABRICATED TUBE
SPLICE ASSEMBLY

NEW FITTING

REWORKED TUPE ASSEMBLY

REWORKED TUBE ASSEMBLY

TYPICAL REPAIR AREAS

REWORKED TUBE ASSEMBLIES

Figure 3-30.Brazed tubing segment repair.
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being mated with nominal or minimum tolerance
male fittings, this will prevent the tape from
being cut and entering the system.

If minimum tolerance diameter female fit-
tings are being mated with maximum tolerance
diameter male fittings, a very close fit will
result and thread tape is applied from the first
thread up. Care should be taken not to contami-
nate the tape. Completely encircle the threads
and join the ends together with a very slight
overlap.

Pipe threaded fittings should be started by
hand. A iorque wrench should be used to tighten
all pipe threaded fittings. The torque values
for pipe threaded connections are listed in table
3-6.

CAUTION: The importance of the following
cannot be overemphasized; It is imperative that
all oxygen equipment, lines, and fittings be kept
free from GREASE, DIRT, OIL, HYDRAULIC
FLUID, and LEAKS. Leakage in oxygen system
connections should be eliminated since the leak-
age rate may increase with time and vibration.

FLEXIBLE HOSE

Flexible hose is used in connecting moving
parts with stationary parts and in locations sub-
ject to severe vibration. It is heavier than alumi-
num alloy tubing and deter iorates rapidly; the7e-
fore, it is used only where absolutely necessary.
The two types, rubber and Teflon flexible hose,
are discussed in the following paragraphs.

RUBBER

Flexible rubber hose consists of a seamless
synthetic rubber inner tube covered with layers
of cotton braid and wire braid, and In outer layer
of rubber impregnated cotton braid. It is pro-

Table 3-6.Torque values for pipe threaded
fittings (oxygen system).

Pipe thread (inch) Torque (inch-pounds)

1/8

1/4

3/8

125 - 175

200 - 300

300 - 450

er :z.edium-pr ,ssure, and
Figure 3-31 illustrates the

whici: cionly used in medium-pres-
',,ut e .,pplicaLions. This hose is identified by a
Military Specification number, the hose size,
the quarter year and year of manufacture, and
the hose manufacturer's symbol. This informa-
tion is stenciled on the hose at intervals of not
more than 9 inches the entire length of the hose.
The stenciled information indicate-1 the natural
lay of the hose.

Thr, size of flexible hose is determined by
the inside diameter (ID) arm indicated by a num-
bering system identical to that used with rigid
tubing. Therefore, the fittings used on No. 6 hose
will be the same size and have the.same threads
as those used on No. 6 (3/8 inch) tubing.

High-pressure hose is available to the oper-
ating activity in complete assemblies only. These
assemblies are equipped with swaged type fit-
tings and are fabricated only by commercial
activities and intermediate or depot maintenance
level activities, because of the special tools re-
quired. Medimum- and low-pressure hose as-
semblies are equipped with detachable type end
fittings (described later) and may be fabricated
at the intermediate maintenance level.
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FABRICATION AND REPLACEMENT

Flexible hose must be replaced if peeling,
flaking of the hose cover, or exposure of the
fabric reinforcement to the elements occur.

When failure occurs in a flexible hose
equipped with swaged end fittings, the unit is
gent.-ally replaced without attempting a repair;
that is, the correct length of hose, complete with
factory-installed end fittings, is drawn from
supply.

When failure occurs in low-pressure or med-
ium-pressure hose equipped with detachable type
end fittings, the replacement unit is usually fab-
ricated in the shop. Undamaged end fittings on
the old length of hose may be removed and re-
used; otherwise, new fitt in gs must be drawn from
supply along with a sufficient length of hose.

NOTE: Inspect bulk hose prior to use fn in-
sure that its shelf life has not expired. ,,helf
life of bulk rubber hose should not exceed 5 , ears
(20 quarters) from the date of manufacture (cure
date). The cure date is normally stenciled on
the hose as shown in figure 3-31.

Figure 3-32 illustrates one type of detach...
able end fitting. This fitting is intended for use
with medium-pressure hose which conforms to
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TWO COTTON BRAIDS-INPREGNATE0
WITH SYNTHETIC COli?OUND

E7HILE05-Ne-

YELLOW

igia}d1

S:NGLE WIRE BAND

*44A

SYNTHETIC RUBBER INNER TUBE

Figure 3-31.Medium-pressure hose.

Specification MIL-H-8794C. This fitting is de-
signed for use in flared-tube systems. Other hose
fkttings which are designed to be used with flare-.
lb.ss-tube fittings are also available.

Assembly of Sleeve Type Fittings

A tool kit is available for assembling the
MS-24587 fittings to MIL-H-8794C (medium-
pressure) hose. Figure 3-33 illustrates the hose
assembly tool kit, which contains the assembly
tools for use on the smaller sizes (3/16 through
3/4 inch) of hose. If a tool kit is not available,
the corresponding size AN-815 adapter may be
used.

Figure 3-34 illustrates the steps in assem-
bling the MS-24587 fitting, using the proper size
assembly tool from the hose assembly tool kit.

NIPPLE

111/11111111ASSEMBLED -
FITTIN6

UM=
AM.80

Figure 3-32.Sleeve type flexible hose fit-
ting (MS-24587).
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PART NO. 597

ASSEMBLY TOOL KIT
( SIZES-3 THRU 12 )

AM.81
Figure 3-33.Medium-pressure hose assembly

tool kit.

After assembly, always make sure all for-
eign matter is removed from the inside of the
hose by blowing out with compressed air.

All shop-assembled flexible hose must be
proof tested after assembly. Proof testing is
accomplished by plugging or capping one end of
the hose and applying pressure to the inside of
the hose assembly.

Proof testing of shop fabricated hose assem-
blies should be accomplished in accordance with
instructions contained in the applicable Mainten-
ance Instructions Manual. In cases where proof
test pressures are not included in the aircraft
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( A) (B (C)

A. Clamp the hose in the vise and cut the
required length with a fine-tooth hacksaw.

B. Secure the socket in the vise. Turn the
hose counterclockwise into the socket until it
bottoms. Unscrew 1/4 turn.

c. Insert the nipple in the nut. Install the
proper size assembly tool and tighten, using
two wrenches.

(E

D. Place the socket in the vise with the
threaded end exposed. Lubricate the inside of
the hose and the nipple threads with hydraulic
fluid or light lubricating oil.

E. Using a wrench on the assembly tool,
rew the nipple into the socket and hose, ex-

ercising care to prevent the hose from turning.
A clearance of 1/32 to 1/16 inch between the nut
and socket is required so that the nut will swivel.
Remove the assembly tool.

Figure 3-34.Assembly of MS-24587 fitting to medium-pressure flexible hose.

Maintenance Instructions Manual, refer to the
Aircraft Structural Hardware Manual, NavAir
01-1A-8. Table 3-7 lists the proof test pressures
for a few sizes of medium-pressure hose when
assembled with MS-24587 fittings for use in air-
craft hydraulic systems.
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Insiallation of Flexible
Hose Assemblies

Flexible hose must not be twisted on instal-
lation, since this reduces the life of the hose
considerably and may cause the fittings to loosen
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TP 3-7.--Proof test pressures for medium-pressure hose assembled with MS-24587 fittings.

Hose size
number

Operating pressure
(psi)

Proof pressure
(psi)

Burst pressure
(psi)

4 3,000 6,000 12,000
5 3,000 5,000 10,000
6 2,000 4,500 9,000
8 2,000 4,000 8,000

10 1,750 3,500 7,000
12 1,500 3,000 6,000

as well. Twisting of the hose can be determined
from an identifi'ation stripe running along its
length, or as in the case of medium-pressure
hose (shown in figure 3-31) by the stenciled
information that is used to identify the hose.

The minimum bend radius for flexible hose
varies according to size and construction of the
hose and the pressure under which the hose will
operate. Tables and graphs showing minimum
bend radii for all types of installations are
provided in Aircraft Structural Hardware, NA-
01-1A-8. Bends which are too sharp will reduce
the bursting pressure of flexible hose con-
siderably below its rated value.

Flexible hose should be installed so that it
will be subject to a minimum of flexing during
operation. Hose must be supported at least
every 24 inches. Closer supports are desired.

A flexible hose must never be stretched tight
between two fittings. About 5 to 8 percent of its
total length must be allowed as slack to provide
freedom of movement under pressure. When
under pressure, flexible hose contracts in length
and expands in diameter.

TEFLON

Teflon hose is a flexible hose designed to
meet the requirements of higher operating tern-
peratures and pressures in present-day weapon
systems. Teflon hose can generally be used in
the same manner as rubber hose.

Teflon hose consists of a tetrafluorethylene
resin which is processed and extruded into tube
shape to a desired size. It is covered with
stainless steel wire which is braided over the
tube for strength and protection. The advantages
of this hose are its operating temperature range
(-67 ° F to + 450° F), its chemical inertness w
all fluids normally used in hydraulic and engine
lubrication systems, and its long life. At this
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time, only medium-pressure and high-pressure
types are available and are complete assemblies
with factory-installed end fittings. These fittings
may be either the detachable type or the swaged
type. When failures occur, replacement must be
made on a complete assembly basis.

The size of Teflon hose is determined in the
same way the size of rubber hose is determined.

Teflon hose, like rubber hose, has definite
limits and particular characteristics that de-
mand understanding and attention in the general
handling during installation and removal. To
insure its satisfactory function and reduce the
likelihood of failure, the following rules should
be observed when working with Teflon hose:

1. Do not exceed recommended bend limits.
2. Do not exceed twisting limits.
3. Clamp the hose assemblies at least every

24 inches (more closely if possible) to lend
support enough to prevent bending and kinking.

4. Do not permit flexible hose to impinge on,
and thus possible deflect, rigid supportinglines.

5. Allow a slight slack in the hose line to
accommodate changes in length that will occur
when pressure is applied.

6. Do not straighten a bent hose that has
taken a permanent set.

7. Do not hang, lift, or support objects from
Teflon hose.
Maintenance

Teflon hose, like all aircraft parts, has
definite wearability limits. The chafing caused
by hose rubbing against other surfaces, for
instance, has undermined many parts and sys-
tems. Disaster consequent to such wear can be
averted only through frequent inspection and
maintenance by alert maintenance and quality
assurance personnel.

INSPECTION.Whereas all rubber aircraft
hose must be inspected for aging and associated



Chaptei. 3HANDTOOLS, TUBING, AND FLEXIBLE HOSE

BULKHEAD
FITTINGS

Figure 3-35.-1ethods used to secure fluie lines.

deterioration immediately prior to installa-
tion, Teflon hose, being comparatively inert,
is exempt from shelf-life control. However,
Teflon hose assemblies must be visually in-
spected for leakage, abrasion, and kinking
according to the aircraft inspection require-
ments in the applicable Maintenance Instructions
Manuals. The presence and extent of the fol-
lowing possible defects must be determined.

Kinking.Kinking is an imperfection induced
in Teflon when it is bent at a closer angle (or
shorter radius) than its characteristics allow.
This is a common cause of failure, because
Teflon hose tends to assume the shape of the
position in which it is installed and becomes
semipermanently set or "preformed" in these
configurations. These so-called preformed
hoses kink easily and their walls are severely
weakened if they are excessively bent or twisted
or if they are permitted to follow their natural
tendencies to revert to their orientations. They
must be handled very carefully while being
removed and should be tied with wire that will
hold them in shape pending reinstallation.

Excessive Cold Flow.Cold flow is the name
given the deep permanent impressions and
cracks in the hose COVE r f:aused by the pressure
of the hose clamps. Replace hose when cold
flow becomes too deep.

Weather-Checking.Weather-checking, the
occurence of numerous fine cracks caused by
exposure to various weather conditions over
extended periods, causes no serious damage as
long as it does not expose the fabric of the hose
cover. However, weather-checking deepened to
the point of exposing this fabric can contribute
to the weakening and eventual failure of hose.

61

6 7

AM.415

To examine the extent of weather-checking,
flatten the walls ol the hose together, with force
if necessary. If the cord fabric can be seen at

BONDING CLAMPS

SUPPORT CLAMPS CUSHICNED)

AM.78
Figure 3-36.Bonding and support clamps.
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any point, replace the hose. Replace the hose
also if radial cracks at the end of the hose are
deeper than one-eighth inch or 2e halfway from
the ends of the hose to the clamps.

Internal Cracking.Fuel hoses, both Teflon
and rubber, dry out and crack when they lose
the plasticizer that keeps them pliable. Hoses
remain pliable while in active use with gasoline
flowing through them but lose their plasticizers
when the fuel is drawn off.

Therefore, fuel lines of previously used air-
craft that are to be returned to service after
extended storage must be inspected for internal
cracking. Those showing internal cracks, which
are best revealed by pressing the hose with the
fingers to widen imperfections, should be re-
placed. while those showing no visible cracks
at either end are considered satisfactory
throughout.

Separation of Outer Cover. When the c otton-
braid or rubber coverings of metal-reinforced
hose become loose, frayed, Or chafed to the
point that the metal reinforcement is exposed or

(A)

ADAPTER

(D)

damaged, replace the hose. If a hose shows some
wear but the metal is not exposed or damaged,
wrap the frayed or chafed areas in flexible,
electrical-insulation sleeving and secure it over
the hose with support clamps.

Wire-Braid Damage.Wire-braid damage is
considered excessive when two or more wires
in a single plait or six or more in an assembly
(or lineal foot when assemblies are longer than
12 inches) are broken. Broken wires, where
kinking of eflon hose is suspected, are felt as
sharp dents or twists in the braid.

CAUTION: When performing wire-braid
damage check, the Teflon hose must always be
handled with great care so that the wire-braid
damage does not not injure the hands.

CLEANINC.-Teflon hose is nonabsorbent
and nonadhesive, and is usually unaffected by
fuels, lubricating oils, coolants, and solvents
used around aircraft. It is easily cleaned in
oleum spirits, kerosenf, trichloroethylene, or
synthetic detergents. Vvi,er, dipped in or flushed
with the cleaning soluti()! the hose merely

Figure 3-37.Securing lines using support clamps.
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needs a slight brushing to remove the surface
debr is.

WARNING: Because some solvents are highly
flammable and some toxic, proper precautions
must be taken when they are used. Prolonged
inhalation of fumes must be avoided.

STORAGE.When storing Teflon hose, be
sure to:

1. Cap or plug the ends of all hose assem-
blies with metal or plastic plugs.

2. Tape hose ends to prevent wire flareout.
3. Store hose in straight nosition if possible.

When it is necessary to coil hose, use the widest
coil possible.

CLAMPS

As stated eariLer in this chapter there are
hundreds uf feet of tubing and flex hose running
throughout the aircraft structure. These fluid
lines are routed to iollow the configuration of
:he aircraft structure to provide support for the
1 ines. Clamps, bulkhead fittings, clips, brackets,
and clamp blocks not only secure the lines to
the adji.cent structure, but also provide a
dampening effect to prevent harmful vibration.
Fluid lines must be kept separated from the
aircraft structure and other lines to prevent
chafing. Chafing (rubbing) of the lines can cause
failure of the system. As the lines rub against
each other Or the aircraft structure, the wall
thickness bf the tubing is diminished until it can
no longer withstand the fluid pressure, and the
line ruptures. The three most common methods
of securing fluid lines are shown in figure 3-35.

INSTALLATION OF CLAMPS

While performing maintenance actions the
AMP.: may be required to remove clamps and/or
clamp blocks. In all cases, unless directe I by
Aircraft Changes, Bulletins, etc., the clamp (s)
and.:or clamp block(s) with all of the necesnary
hardware (washers, spacers, nuts, screws and/
(ir bolts) must be reinstalled.

CAUTION: Do no allow any dropped hardware
to remain lying in the aircraft upon completion
of maintenan('e actions.

The most abused and neglected are the line
clamps which are used to properlybond (provide
a path for static electricity) and support rigid
tubing and flexible hose. I gure 3-36 snows
both the plain bonding clamps and the cushioned
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steel clamp. The cushioning material may be
either rubber or Teflon.

Support clamps should be installed at 15-inch
intervals Pad as close to tubing bends as pos-
sible. In no case should clamps be installed at
intervals greater than 20 inches.

When tubing is connected to a structure or
other tubing, a minimum clearance of 1/16 inch
should be maintained. A minimum clearance
of 1/4 inch should be maintained between lines
and moving parts that are actuated on Cie air-
craft. Extra support clamps may be used in any
installation to prevent vibration and chafing, or
to provide line clearance.

Figure 3-37 illustrates six ways to secure
fluid lines to each other using support clamps

RIGHT 1E.

WRONG

ABRASION

\OW*
I II

CLAMP TOO LARGE

ABRASION

AM.417
Fil;l1re 3-38.lnstallation pro('edures

(right and wrong.)
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to maintain line clearance and prevent chafing
due to vibration. In view (A) au adapter is used
to maintain the desired line clearance. View (B)
illustrates itie use of a spacer, and views 1,C),
(D), (E), and (F) show the use of support clamps
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positioned in such a manner as to separate the
fluid lines properly.

Figure 3-38 shows a flexible hose secured to
the aircraft structure. The lower view shows
what could happen if too large a clamp were used.



CHAPTER 4

CORROSION CONTROL

CORROSION

Modern high-speed aircraft are dependent
upon the structural soundness of the metals which
make up the largest percentage of their thou-
sands of parts. The greatest threatto structural
integrity of naval aircraft is metals corrosion.
With higher strength demands being made of air-
craft metals and the closer tolerances of flight
safety demanded, these aircraft would rapidly
become inoperative without regular anticorro-
sion attention.

Corrosion endangers the aircraft by reduc-
ing the strength and changing the mechanical
characteristics of the materials used in its con-
struction. Materials are designed to carry cer-
tain loads and withstand given stresses as well
as to provide an extra marging of strength for
safety. Corrosion can weaken the structure,
thereby reducing or eliminating this safety
factor. Replacement or reinforcement opera-
tions are costly, time-consuming, and reduce
usage of the airc raft. Severe corrosion can cause
failure of parts or systems which is an obvious
danger. Corrosion in vital systems can cause
malfunctions that endanger the safety of flight,
and such dangers reemphasize the importance
of corrosion control.

Metals corrosion is the deterioration of
metals as they combire with oxygen to form
metallic oxides. This combining Is a chemical
process which is essentially the reve-se of the
process of smelting the metals from their ores.
Very few metals occur in nature in the pure state.
For the most part they occur naturally as me-
tallic oxides. These oxides may also be mixed
with other undesirable impurities in the ores.
The refining processes generally involve the
extraction of relatively pure metal from its ore
and addition of other elements (either metallic
or non-metallic) to form alloys. Alloying con-
stituents are added to base metals to develop a

variety of useful properties. For example, in air-
craft structural applications, high strength-to-
weight ratios are the most desirable properties
in all alloys.

After refining, regardless of whether or not
alloyed, base metals possess a potential or ten-
dency to return to their natural state. however,
potential is not sufficient in itself to iniU tte and
promote this reversion. There must also exist
a corrosive environment, in which the significant
element is oxygen. It is the process of oxida-
tioncombining with oxygenthat causes wood
to rot or burn and metals to corrode.

Control of corrosion is dependent upon main-
taining a separation between susceptible alloys
and the corrosive environment. This separation
is accomplished in various ways. A good intact
coat of paint provides almost all of the corro-
sion protection on naval aircraft. Sealants are
used at seams and joints to prevent entry of
moisture into the aircraft, preservatives are
used on unpainted areas of working parts, and
shrouds, cover, caps, and other mechanical
equipment provide varying degrees of protec-
tion from corrosive media. None of these how-
ever, provide 100 percent protection in the long
runpaint is subject to oxidation and decay
through weathering; sealants may work out by
vibration or else be eroded by rain and wind-
blast. Preservatives at best offer only tempo-
rary protection when used on operating aircraft
and the mechanical coverings are subjectto im-
proper installation and neglect. Control of cor-
rosion properly begins with an understanding of
the causes and nature of this phenomenon. Cor-
rosion is caused by electrochemical or direct
chemical reaction of a metal with other elements.
In the direct chemical attack, the reaction is
similar to that which occurs when acid is applied
to bare metal. Corrosion in its most familiar
form ij a reaction between metal and water and
is electrochemical in nature.
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In the electrochemical attack, metals of dif-
ferent electrical potential are involved and they
need not be in direct contact. When one metal
contains positively charged ions and the other
negatively charged ions and an electrical con-
ductor is bridged between them, current will
flow as in the discharge of a dry cell battery.
In electrochemical corrosion the conductor
bridge may be any foreign material such as
water, dirt, grease, or any debris that is capable
of acting as an electrolyte. Tne presence of salt
in any of the foregoing mediums tends to accel-
erate the current flow and hence speed the rate
of corrosive attack.

Once the electricai couple is made, the elec-
tron flow is established in tne direction of the
negatively charged metal (cathode), and the
positively charged metal (anode) is eventually
destroyed. All preventive measures taken with
respect to corrosion control are designed pri-
marily to avoid the establishment of the elec-
trical circuit, or secondly, to remove it as soon
as possible after establishment before serious
damage can result. Figure 4-1 illustrates the
electron flow in a corrosion environment (elec-
trolyte) resulting in destrv Aion of the anodic
area. Note that the surface of a metal, especially
alloys of the metal, may contain anodic and
cathodic areas due to impurities or alloying
constituents which have different potentials than
the base metal.

Electrochemical attack is evidenced in sev-
eral forms, depending upon the metal involved,
its size and shape, its specific function, atmos-
pheric conditions, and the type of corrosion-
producing agent (electrolyte) present. Thereare
many forms of metals deterioration resulting
from electrochemical attack about which a great
deal is known. But despite extensive research
and experimentation, there is still much to be
learned about other, more complex and subtle
forms. Descriptions are provided later in this
chapter for the more common forms of corro-
sion found on airframe structures.

Since there are so many factors which con-
tribute to the process of corrosion, selection of
materials by the aircraft manufacturer must be
made with weight versus strength as a primary
consideration and corrosion properties as a
secondary consideration. In the interest of aero-
dynamic efficiency, even the number of drain
holes is limited until accumulated operational
data indicates a greater drain requirement.
Close attention during aircraft design and
production is also given to heat treating and
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Figure 4-1.Simplified corrosion cell.

annealing procedures, protective coatings,
choice and application of moisture barrier mate-
rials, dissimilar metals contact, and access
doors and plates. In other words, every logical
precaution is taken by the aircraft manufacturers
to inhibit the onset and spread of corrosive
attack.

There are many factors that affect the type,
speed, cause, and the seriousness of metal cor-
rosion. Some of these corrosion factors can be
controlled; others cannot. Preventive mainte-
nance factors such as inspection, cleaning, and
painting and preservation are within the control
of the operating squadron. They offer the most
positive means of corrosion deterrence.

The electrochemical reaction which causes
metal to corrode is a much more serious
factor under wet, humid conditions. The salt
in sea water and the salt in the air is the
vreatest single cause of aircraft corrosion.
Hot climates speed the corrosion process be-
cause the electrochemical reaction develops
fastest in a warm solt.tion, and warm mois-
ture in the air is usually sufficient to start
corrosion if the metals are uncoated. As would
be expected, hot dry climates usually provide
relifff from constant corrosion problems. Ex-

ely cold climates produce corrosion
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problems if a salt atmosphere is present. Melt-
ing snow or ice provides the necessary water to
begin the electrochemical reaction.

Thick structural sections are subject to cor-
rosive attack because of possible variations in
their composition, particularly if they were
heat treated during fabrication. Similarly, when
large sections are machined or cutout after heat
treatment, thinner sections have different phys-
ical characteristics than the thicker areas. In
most cases, difference in physical character-
istics provides enough difference in electrical
potential to render the piece highly susceptible
to corrosion. Another corrosion factor regard-
ing size of materials lies in the area relation-
ship between dissimilar metals. When two dis-
similar metals are used where possible contact
may develop, if the more active metal is small,
compared to the less active one, corrosive
attack will be severe and extensive if the insula-
tion should fail. If the area of the less active
metal is small compared to the other, anodic
attack is relatively slight. Figure 4-2 illustrates
this factor.

One of the biggest problems in corrosion
control is in knowing what materials to use,
where to find them, and the limitations appli-
cable to their use. Materials used should be
those covered and controlled by military speci-
fications, preferably those authorized specifi-
cally for use on aircraft. Corrosion control in-
formation pertaining to materials, methods, and
techniques is scattered throughout many direc-
tives and instructions, and this information is
constantly being revised as better chemicals
and protective methods are developed. The fol-
lowing is a list of sources of information that
should be readily available for reference in
every unit's technical library or in the air-
frames shop:

1. Aircraft Cleaning and Corrosion Control
for Organizational and intermediate Maintenance
Levels, NavAir 01-1A-509.

2. PretJervaticn of Naval Aircraft, NavAir
15-01-500.

3. ChartCleaning Materials for Naval Air
SystemsMaintenance and Overhaul Operations,
NavAir o7-1-503.

4. ChartCorrosion Preventive Compounds
used by the Naval Air Systems Coinrnrnd, Nav-
Air 01-1A-518.

5. Corrosion Control, Cleaning, Painting,
and Decontamination.
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AM. 50
Figure 4-2.--Effects of area relationships in

dissimilar metal contacts.

One volume of the Maintenance Instructions
Manuals for all late model aircraft is on these
subjects.

6. Periodic Maintenance Requirements
Cards (as applicable).

PREVENTIVE MAINTENANCE

"An ounce of prevention is worth a pound of
cure." Where corrosion prLvention on naval
aircraft is concerned the foregoing cliche is a
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ridiculous understatement. Compared with the
cost of some late model aircraft, which runs
into millions of dollars, the cost of corrosion
prevention is a mere pittance. Preventive main-
tenance is a powerful tool which can be used to
effectively control even the most difficult cor-
rosion problems.

Most corrosion prevention programs are ad-
justed by the operating activity to meet severe
conditions aboard ship and then decreased in
scope when the aircraft is returned to the rel-
atively mild conditions prevailing ashore. When
regular corrosion preventive maintenance must
be neglected in emergencies due to tactical
operating requirements, a period of intensive
care should follow in order to bring the air-
craft back up to standard.

Preventive measures most commonly taken
with respect to corrosion require the aircraft
to be kept as clean as possible, all surface
finishes intact, correct and timely use of covers
and shrouds, periodic lubrication, andthe appli-
cation of preservatives where required. Years
of experience have proven the need for such
measures if the aircraft are to remain air-
worthy.

Where corrosion preventive maintenance is
neglected, aircraft soon become unsafe to fly.
Squadrons with the best corrosion preventive
programs are likely to have the best safety
records, most utilization of aircraft, andlowest
operating costs.

SURFACE MAINTENANCE

Surface maintenance includes regular clean-
ing of the aircraft as well as touchup of protec-
tive paint coatings. Since paint touchup is ac-
complished after removal of corrosion,
coverage on this subject is included under the
heading, Corrosion Elimination, later in this
chapter. This does not imply that touchup cf
damaged paint should not be done unless cor-
rosion is present. Touchup of new damage to
paint finishes will prevent corrosion Zrom start-
ing there.

The cleaning of aircraft is an important func-
tion in retaining the aerodynamic efficiency and
safety of aircraft. In keeping with this impor-
tance, acceptable materials, m and pro-
cedures for use in airc..aft maintenant e cleaning
are pre'/ :ribed in current directives and must
be ut . Instances of serious damage have re-
sulted to exter;or and interior of aircraft Ow
to the lack of correct Inform9tioa reg irding
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materials and equipment and their use. Ship-
board procedures are not necessarily the same
as procedures ashore, but the same materials
are available and comparable results are ac-
complished, although different application meth-
ods may be necessary.

How often an aircraft should be cleaned de-
pends on the type of aircraft and the environ-
ment in which it has been operating. It is im-
portant that the aircraft be kept in a clean
condition and repeated cleaning should be ac-
complished as often as neccssary. The necessity
for cleaning is indicated whenever there is any
appreciable amount of soil accumulation within
exhaust track areas; by the presence of salt de-
posits or other contaminants such a., stac !
gases; by evidence of paint surface deteriora-
tion such as softening, flaking, or peeling; and
by the presence of excessive oil or t thaust de-
posits or spilled electrolyte and deposits around
batttery areas. Cleaning is always mandatory
immediately after exposure to fire extinguishing
materials, after exposure to adverse weather
conditions and salt spray, after the aircraft has
been parked near seawalls daringhigh wind con-
ditions, after low level flight, arid after repairs
or service which has left stains, smudges, or
other gross evidence of maintenance. A daily
cleaning or wipedown is required on all exposed
unpainted surfaces such as st: ,ts, actuating
cylinder rods, etc.

Aircraft must be thoroughly cl?aned before
being placed in storaJ lir! should also receive
a thorough cleaning t h of der ~eserva-
tion. Unpainted airc cleaned and also
polished at frequeni Dar: tls. Aboard ship,
cleaning and re, leposits are nec-
essary as soon o prevent corro-
sion.

Components ically loaded (de-
signed with min 11,n sair, margins to con-
serve size and wt ., s helicopter rotor
parts, and cornpoi parts which are ex-
posed to corrosiv ..mments, such as en-
gine exhaust gas, .1, or rocket blast, at%
cleaned as often as dossible to minimize e:-
posure to these corr. Hive agt.nts. NOTE: L6..
bricatio : '.nd preservation of exposed comp('
nents are necessary to displace any of the
cleaning solution entrapped during the ckaning
operation.
Materials

Only NavAir specification cleaning materials
may be used on aircraft. Navy specification
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cleaning materials are made up and compounded
to accomplish definite results and are made
available only after complete testing and actual
field acceptance. All specification materials are
inspected and tested before acceptance and
delivery to the supply activities. Cleaning agents
commonly used by Organizational and Interme-
diate maintenance activities are included in the
following categories.

SOLVENTS.Solvents are liquids which dis-
solve other substances. There are a great num-
ber of different solvents, but for cleaning
purposes, organic solvents are most often used.
Some solvents are chlorinated. When solvents
contain more than 24 percent by volume of
chlorinated materials they must be kept in
specially marked containers and care must be
taken to insure that equipment in which these
solvents are used are designed and operated as
to prevent the escape of such solvents, as a
liquid or vapor, into the workroom.

All personnel occupied with or working near
chlorinated solvents should be particularly care-
ful to avoid breathing the vapors. While the
vapors from some solvents are more toxic than
others, prolonged breathing of the fumes r; an
be injurious to health.

In addition to the breathing hazard asso-
ciated with solvents, thry also present varying
degrees of fire and explosion hazards, depend-
ing --pon thk material. It is considered that
.olvent cleaners havinf; a flashpoint greater
than lob° F are relati ,ely safe. Those having
flashpcints below 105° F require explosion
proofing of equipment and other special pre-
cautions when using them. (The flashpoint is
the temperature at which the first flash from
the material is seen, as an open flame is passed
back and forth over a samil of flammable
liquid being heated in a cup.)

Another hazard associated with solvents, and
to a certain e: tent with all Aeaning rp:derials,
is the effect on the surface or material being
cicaned. Some Solvehlz will deteriorate rubber,
synthetic rubber, asphaltic coverings, etc. This
is such an important consideration tha it must
alwzir, be taken hoo account when selecting
cleanir materiaLs. It may do a good job in
removhg dirt, RI eas.., oil, exhaust gas deposits,
etc., hut may also damage the object bei,
cleaned or soften ahl ruin otherwise good paint
coatings.

Solvent, Drycleaning.This material is a
petroleum distillate commonly used in aircraft
cleating. It is furnished in two types, I and II.
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'type I material, corinic,nly known as Stoddard
solvent, has a flashpoint slightly above 100° F.
Type II h'as a higTh (t:afer) flashpoint and is
intended for shipb,r,f

In naval aviat:_,- lilaintenance, Stoddard sol-
vent (type I) is used as a general all-purpose
cleaner for r,..tals, painted surfaces, and
fabrics. It ma, t, applied by spraying, brush-
ing, dipping, a...: Aping. This material is pre-
ferable to ker :.ne for all cleaning purposes
because ker s,-;-e leaves a light oily film on the
surface.

Mineral S .rits.This is another liquid pre-
troleum dist age which is used as an all-
purpose cleanor for metal and painted surfaces
and as a di'.,t,ng material for emulsion com-
pounds, la,,t not recommended for fabrics.
Like Stocidaro solvent, it may be applied by
spraying, b lishing, dipping, '

Aliptv%tic Naphtha.This L 111 aliphatic hy-
drocarbon reoduct used as an alternate com-
pound ''or ci. aning acr-':cs and for general
cleani rpeses that r;_uire fast evaporation
and no remating fiiin residue. It may be
applied by dipl,i,17, an iig. Saturated surfaces
must not rut. yip rously, as it is a highly
volatile anu 2aii . .3olvent with a flashpoint
below 80° F. AvcV -r:donged breathing and skin
contact. Use ia )1,,,!;-ventilated areas only.

Aromatic r'.t:phrha.This is apetroleum aro-
matic distill:tr., 'ibis naphtha is a bare-metal
cleaner d is also used for cleaning primer
coats 1,'.1oce lacquer. It will remove
oil, rea.c., and light soils. It is also highly
fla!ttY.:1 1. and reasonably toxic. Avoid pro-

hreathing and skin contact. CAUTION:
Do use aromatic naphtha on acrylic sur-
far.,.; as it will cause crazing.

alety Solvent.Methyl chloroform is in-.
tended for use where a high flaLtpoint and less
toxic solvent than carbon tetrachloride is re-
quired. It is used for general cleaning and
..;rease removal of assembled and disassembled
e ,,ine components in addition to spot cleaning,
uut should not be used on painted surfaces.
Safety Solvent is not suitable for oxygen systems
although it may be used for other cleaning in
ult onic cleaning devices. It may also be
appi ed by wiping, scrubbing, or booth spraying.
The term Safety Solvent is derived from the high
flashpoint. Many later issue maintenance
manuals label safety solvent as Trichlorethane
1,1,1.

Methyl Ethyl Ketone (MEK).This material
is used as a cleaner for bare-metal surfaces.
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It is not miscible to any great extent with water
but is a diluent for lacquers. It is applied with
wiping cloths or soft bristle brushes over small
areas at a time.

WATER EMULSION CLEANERS.Emulsion
cleaners tend to disperse contaminants into tiny
droplets which are held in suspension in the
cleaner until they are flushed from the surface.
Water emulsion compound conforming to VI' -
C-22543 contains emulsifying agents, coud;
agents, detergents, solvents, corrosice
hibitors, and water. It is intended for usf. oi
painted and unpainted surfaces in heavy duty
cleaning operations where milder specification
materials of lower detergency would not be
effective. It is used in varying concentrations,
depending on the condition of the surface. A
concentration of 1 part compound to 4 parts
water, by volume, is recommended for heavier
soiled surfaces. For mildly soiled surfaces,
the concentration is changed to 1 part compound
to 9 parts water, by volume. Starting at the
bottom of the area being cleaned, apply the
mLxed solution by spraying or brushing to avoid
streaking. Loosen surface soils by a mild brush-
ing or mopping and follow with a thorough fresh
water rinse. The automatic shutoff type water
spray nozzle is best for rinsing. It gives hand
control from a light mist or fogging spray to a
full spray with high-pressure water.

ALKALINE WATERBASE CLEANING COM-
POUND.This compound is similar to the water
emulsion cleaner. It is a general purpose cleaner
used to remove light to moderate soils. 14. is
a detergent type cleaner composed of wetting
agents and surface active agents. It is mixed
in 1 part compound to 9 parts water for light
soils and 1 part compound to 3 parts water for
removing medium soils. It may be applied to
the surface by mopping, wiping, spray equip-
ment, or foam producing equipment. It is safe
for use on fabrics, leather, glass, ceramics,
and transparent plastics. Follow the previously
described procedure for washing the aircraft and
rinse thoroughly with fresh water before the
compound dries to prevent streaking.

SOLVENT EMULSION CLEANERS.This
cleaner, conforming to Specification P-C-444,
is intended for heavy duty cleaning and should
be used with caution around painted surfaces as
it will soften paint if in contact with the paint
finish very long. It will remove paralketone
and similar corrosion preventive coatings and
should not be used on parts thus protected
unless it is desired that such protective coatings
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be removed. For heavy cleaning, the cleaning
compound is mixed in a concentration of 1 part
compound to 4 parts of drycleaning solvent
(Stoddard solvent). For lighter duty use, it can
be mixed at a 1 to 9 ratio.

WATERLESS CLEANER.This compound is
intended for use on painted and unpainted air-
craft surfaces in heavy duty cleaningoperations

tere water for rinsing is not readily available
or where freezing temperatures do not permit
the use of water. It is relatively nontoxic, non-
corrosive, nonflowing gel or cream, and its
detergent properties enable it to be used as an
effective agent for the removal of grease, tar,
wax, carbon deposits, and exhaust stains, It
should not be applied to canopies or other acry-
lic plastic surfaces. It is safe for use as a
waterless hand cleaner.

MECHANICAL CLEANING MATERIALS.
Mechanical cleaning materials such as abrasive
papers, polishing compounds, polishing cloths,
wools, wadding, etc., are available in the supply
system for use as needed. However, their use
must be ln accordance with the cleaning proce-
dures outlined in NavAir 01-1A-509, the specific
aircraft Maintenance Instructions Manual, and
directions supplied with the material beingused
if damage to finishes and surfaces is to be
avoided. In cases of conflicting information,
NavAir 01-1A-509 will always take precedence.

Aluminum Oxide Paper.Aluminum oxide
paper (300 grit or finer) is available in several
forms and is safe to use on most surfaces since
it does not contain sharp or needlelike abrasives
which can embed themselves in the base metal
being cleaned or in the protective coating being
maintained. The use of carborundum (silicon
carbide) papers as a substitute for aluminum
oxide paper should be avoided. The grain struc-
ture of carborundum is sharp, and the material
is so hard that individual grains can penetrate
and bury themselves even in steel surfaces.

Powdered Pumice.This material is similar
to Bon Ami which may also be used. The pumice
is used as a slurry with water and is applied to
the surface with clean rags and bristle brushes.

Impregnated Cotton Wadding.Cotton which
has been impregnated with a cleaning material
is used for the removal of exhaust gas stains
and for polishing corroded aluminum surfaces.
It is also used on other metal surfaces to prod-
uce a high reflectance.

Aluminum Metal Polish.Aluminum metal
polish is used to produce a high-luster, long-
lasting polish on unpainted aluminum-clad
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surfaces. It is not used on anodized surfaces as
it will remove the oxide coat.

Aluminum Wool.-Three grades of aluminum
wool-coarse, medium, and fine-are stocked for
general abrasive cleaning of aluminum surfaces.

Lacquer Rubbing Compound, Type III.-For
the removal of engine exhaust residues and minor
oxidation, lacquer rubbing compound, Type III,
may be used. Heavy rubbing over rivet heads or
edges where protective coatings may be thin
should be avoided as the coverings may be
damaged most eaily at these points.

Cleaning Equipment

The cleaning of aircraft notonly requires the
use of correct cleaning materials, but also the
use of properly maintained equipment to produce
efficient and satisfactory results. A specific
cleaning area should be prepared and equipped
for performing cleaning operations.

The choice of equipment depends on several
factors, such as the amount of cleaning that is
regularly performed, the type of aircraft that is
being cleaned, the location of the activity, and
the availability of facilities such as air pressure,
water, and electricity.

Several specialized items of equipment are
available for cleaning aircraft. These include
pressure type tank sprayers, a variety of spray
guns and nozzles, high-pressure cleaning ma-
chines, and industrial type vacuum cleaners.

One of the latest devices for faster and
economical cleaning of aircraft is a swivel type
conformable applicator cleaning kit developed
by the 3M Company. Officially designated Scotch-
Brite Conformable Applicator Cleaning Kit No.
251, it is designed to clean aircraft exteriors
several times faster than using cotton mops or
bristle brushes.

The applicator head of the cleaning kit is
curved and flexible to conform readily to convex
and concave aircraft exteriors. A swivel joint
on the back of the applicator head provides
further flexibility. The 5 x 7 inch Scotch Brite
cleaning and polishing pad attaches easily to the
applicator head and provides a more aggressive
and efficient scrubbing medium than bristle
fibers. It can be used without fear of scratching
aluminum or painted surfaces.

The swivel and applicator head are attached
to a standard brush handle. The excellent con-
formability of the applicator allows easier ap-
plication of a constant scrubbing pressure on
curved skin panels and eliminates the need for
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a maintenance stand to keep brushes in maxi-
mum contact with the surface.

Some larger shore activities maint .n a self-
contained vehicle Flight Line Maintenance Mas-
ter for use of ail tenant activities. The Fight
Line Maintenance Master is self-propelled and
self-contained. It provides a heated soap solu-
tion with its own water system. It has a 1,000-
gallon capacity and is equipped with an extend-
able boom to accommodate cleaning of high
horizontal and vertical stabilizers.

The cleaning solution is sprayed at high
pressure from the boom or ground level posi-
tions or both positions simultaneously. Control
of the boom and cleaning solution can be made
from the boom or the vehicle cab. The maneu-
verability of the vehicle makes it extremely
efficient in cleaning all exterior aircraft sur-
faces. Brushing of surfaces can be easily ac-
cernplished by the boom operator. The ground
hose is equipped with a crank rewind and is 50
feet long. The boom is equipped with floodlights
to accommodate nighttime use of the vehicle.
As with other support equipment, the mainten-
ance master should only be operated by qualified
and licensed personnel. In some cases special-
ized equipment must be manufactured locally
by the activity, otherwise it is procured through
regular supply channels.

In addition to the specialized equipment men-
tioned above, other items such as hoses, brushes,
sponges, and wiping clothes are required for
aircraft cleaning. These items are procured
through supply.

Items of personal protection such as rubber
gloves, rubber boots, goggles, and aprons should
be worn when necessary to protect clothing,
skin, and eyes from fumes and splashing of
caustic materials.

Cleaning Methods and Procedures

The first step in cleaning the aircraft is
selecting the proper cleaning agent for the
method of cleaning to be used. The recommended
type cleaning agent for each method, including
instructions and precautions to be observed in
their use, may be found in NavAir 01-1A-509
and the applicable Maintenance Instructions
Manual for the type of aircraft being cleaned.

The next step is the preparation of the air-
craft for cleaning. Ground the aircraft to the
deck after spotting it in a cool place if possible.
If the aircraft has been heate6 while parked in
the sun or areas of the aircraft are heated as a
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result of operations, it should be cooled before
the start of cleaning by the use of fresh water
washdown. Many cleaning materials will clean
faster at elevated temperatures, but the risk of
damage to paint, rubber, and plastic surfaces
is increased by the cleaners which are concen-
trated by the rapid solvent evaporation caused
by the high temperatures. Static electricity
generated by the cleaning operation will be dis-
sipated through the ground wire. After securing
all the obvious openings such as canopies and
access panels, further secure the aircraft
against entry of water and cleaning compounds
as necessary. Mask cr otherwise cover all
equipment or components that czn be damaged by
moisture or the cleaning agent being used.

WATER RINSE CLEANING. The water rinse
method is recommended as the most efficient
and satisfactory method of cleaning aircraft
when they are only lightly contaminated with
loosely adhering soils and water soluble cor-
rosion products. The aircraft is prepared as
previously outlined, and all materials and equip-
ment that will be required during the cleaning
are ascertained to be on hand and ready for use.
The proper washing procedure to insure com-
plete coverage is illustrated and described in
figure 4-3. Apply water by progressing upward
and outward, scrubbing briskly with a long
handled fiber cleaning brush as necessary while
the water is being applied. Do not scrub a dried
surface. After sc rubbing, rinse the surface f rom
the top downward with a high-pressure stream
of water until all the water soluble residues and
loosened soils have been completely flushed off
the aircraft.

WATER EMULSION CLEANING.The emul-
sion cleaning method is used to clean aircraft
contaminated with oil, grease, or other foreign
matter which cannot be easily removed by other
methods. The aircraft is prepared in the same
manner as it was for the water rinse method.

Wet down the surface to be cleaned with
fresh water. Apply a concentrated solution of
1 part emulsion compound cleaner to 4 parts of
water to the heavily soiled areas that will nor-
mally require such a strong solution. Scrub
these areas and allow the concentrated solution
to remain on the surface. Limit the size of the
area being cleaned to that size which can be
easily cleaned while keeping the surface wet.

Next apply a diluted solution of emulsion
compound and water, mixed to a ratio of 1 part
emulsion compound to 9 parts water, to the
entire surface to be cleancd including those areas

previously covered with the concentrated 1,

tion. Scrub the surfaces thoroughly and al
the solution to remain on the surfaces 3-5 mil
utes before rinsing. Rinse from the top down-
ward until all soils have been removed. If a
high-pressure stream of water is used for rins-
ing, hold the nozzle at an angle and a reasonable
distance from the surface being sprayed.

If any areas are still not clean, repeat the
operation in those areas only. After rinsing,
the aircraft may be dried with a clean sponge
or cloths to insure against streaking that could
be caused by emulsion cleaning. Normally, if
the aircraft is thoroughly rinsed, streaking will
be held to a minimum.

SOLVENT- EMULSION CLEANING.-11vent-
emulsion cleaning is intended for cleaning
heavily soiled unpainted surfaces and parts and
for use in removing corrosion preventive coat-
ings. The cleaning compound is mixed in a con-
centration of 1 part compound to 9 parts of
drycleaning solvent or mineral spirits. The
solution is applied to a water-free surface,
otherwise the water would lessen the solvent
action. Since this cleaner will remove thick
preservative materials, it should be used with
care to prevent unwanted removal of such coat-
ings.

The solution is applied by brush or with a
high-pressure spray using a nozzle that gives a
coarse fan-shaped spray. Scrub the surface with
a brush as the solution is being applied. Allow
the solution to remain on the surface long enough
to loosen the soil without drying. Reapply and
rescrub the more difficult soiled areas as nec-
essary. Rinse thoroughly, using a large volume
of fresh water to remove all loose soils and
cleaning compound.

SPOT CLEANING.Light oily soiled sur-
faces may be spot cleaned by wiping these areas
with a drycleaning solvent. The solvent is ap-
plied with a saturated wiping cloth. Brush or
wipe the surface as necessary then wipe clean
with a dry cloth, removing the solvent residue
and loosened soil. The solvent wipe may leave
a light residue which may be removed with soap
and water followed by fresh water rinsing.

NOTE: Drycleaning solvent should not be
used in oxygen areas or around oxygen equip-
ment. The solvent is not oxygen compatible and
will cause explosion and/or fire.

WATERLESS WIPEDOWN.When water is
not available, neavy soils and operational films
may be removed by using waterless cleaner.

cleaner is applied by dipping a dampened
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STEP 2

WASH THE UNDER SURFACE OF
FUSELAGE AND TAIL SECTIONS
FROM LANDING GEAR TOWARDS
BOTH ENDS AND SPRAYING IN THE
DIRECTION OF MOVEMENT.

STEP 1

WASH THE UNDERSIDE OF WING, SPRAY-
ING FROM THE CENTER SECTION TO-
WARDS THE WING TIPS.
VOTE: OPEN DOORS AND FLAPS TO

FLAPWELLS, INTERCOOLERS,
OIL COOLERS, DIVE BRAKES,
SPOILERS, CONTROLLABLE LEAD-
ING EDGES,ETC. TO PERMIT
CLEANING OF HIDDEN AREAS.

STEP 4

SPRAY THE RERAINING PARTS OF THE
UPI-ER SIDE OF FUSELAGE AND TAIL
SECTIONS MOVING FROM CENTER TO
ENDS. ALL ARIAS OF THE AIRCRAFT
MUST BE COMPLETELY COVERED BY
THE CLEANING SOLU110-

L EGEND

11111* DIRECTION OF STEPS

DIRECTION OF SPRAY

77Tm7777" SPRAYED AREA

STEP 3

WASH THE UPPER SIDE OF WINGS AND
CENTER SECTION OF FUSELAGE. DI-
RECT SPRAY INWARD WHILE MOVING
OUTWARD TOWARDS WING TIPS.
NOTE; OPEN COWL FLAPS WHILE

CLEANING.

AM.51
Figure 4-3.Aircraft washing procedures.
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cloth into the creamlike waterless cleaning
material and then spreading the material thinly
over the area to be cleaned. Scrub the surface
until the soil and cleaner become intermixed or
emulsified. Allow the material to remain on the
surface approximately 10 minutes; scrub and
wipe off thoroughly with a clean wiping cloth.
Make sure all soils and cleaning material are
removed, exercising special care around fas-
teners and unsealed areas. In freezing weather
a dry applicator should be used in lieu of a
dampened one.

Post-cleaning Requirements

Following Cleaning, the aircraft should be
relubricated in accordance withthe Maintenance
Requirements Cards. Insure that all low-point
drains are open. Apply aircraft preservatives
as required to those clean, exposed unpainted
surfaces. The types of preservatives are dis-
cussed later in this chapter. Insure that the
felt wiper washers on all hydraulic cylinders
are moistened with hydraulic fluid and that all

exposed strut and actuating cylinder rods are
wiped down with a clean rag saturated with hy-
draulic fluid. Remove any damaged or loosened
sealant and replace in accordance with the ap-
plicable Maintenance Instructions Manual or
Structural Repair Manual.

Figure 4-4 illustrates the documentation of
a Support Action Form (SAF) utilized to account
for the time spent cleaning an aircraft. The
spaces 1 through 9 and A and B are self-explana-
tory and should be filled in accordingly. For
detailed instructions on the SAF and its uses,
consult Military Requirements for Petty Officer
3 & 2, NavPers 10056-C, or OpNav 4790.2.

NOTE: If the cleaning is done after normal
working hours, on Sat- viay, Sunday, or de-
clared holidays and t. a ity concerned is
required to record Tr. ,I,ou data, a Manhour
Accounting (MHA) Caro must be submitted in
addition to the SAF.

USE OF COVERS AND SHROUDS

Each aircraft, when delivered by the inanu-
facturer, is equipped with a complete set of

2 5 5 9 A
T YPE

COW,
ACT

ORG

WORK

CENTER

SUIT
ACTION

DATE
SUPPOR T ITEE

COOL MIK
ITEMS

PROG
MAN

HOURS
LOCAL

CONTROL

A.T./ /.3.I 0,0 2 A . .412

SIGNATURE

Vatti;g2

SUPPORT CODES

010 OPERA7IONAl. SUPPORT

020 CLEANING /PRESERVATION / DEPRESERVATION

030 INSPECTION
040 CORROSION CONTROL
050 GENERAL FUNCTIONS
060 BUILD UP AND TEAR DOWN

TEST STAND OPERATION

070 MISSION SHOP SUPPORT
080 INSPECTION OF AVIATORS EQUIPMENT ,

SAFETY AND SURVIVAL EQUIPMENT'
090 NON AERONAUTICAL WORK

/ ENGINE

0

TYPE MAINTENANCE CODES

A GENERAL SUPPORT
C PREFLIGHT INSPECTION
0 POSTFLIGHT / DAILY INSPECTION
E ACCEPTANCE /TRANSFER INSPECTION
F TRANSIENT MAINTENANCE
L LOCAL MANUFACTURE

T SUPPLY SUPPORT
U RECLAMATION AND SALVAGE

Figure 4-4.--SAF documentation for cleaning aircraft.
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tailored dust and protective covers. A typical
set of covers is shown in figure 4-5 installed on
an A-6A.

All covers and shrouds should be installed
in such a manner that free drainage is assured.
Do not create a bathtub which will trap and hold
water. Shrouds or covers may also act as a
greenhouse in warm weather and cause collec-
tion and condensation of moisture underneath.
They should be loosened or removed and the
aircraft ventilated on warm sunny days. Where
protection from salt spray is required aboard
carriers, the covers should be left in place and
the aircraft ventilated only in good weather.
Fresh water condensate will do far less damage
than entrapped salt spray.

In emergencies where regular waterproof
canvas covers are not available, suitable cover-
ing and shrouding may be accomplished by using
polyethylene sheet, polyethylene coated cloth,
or metal foil barrier material, all of which are
available in the Navy supply system. These
covers should be held in place with adhesive tapes
designed specifically for severe outdoor applica-
tion. The tapes are also available in supply.
GROUND HANDLING REQUIREMENTS

Maintenance Instructions Manuals for air-
craft usually provide brief and simple ground

handling procedures which, if observed, can d6
much toward reducing corrosive attack. Little
things like heading the aircraft into the wind
and installing available covers, battens, shrouds,
etc., to keep water, salt, and dirt out of areas
difficult to t at and easy to overlook, can save
a tremendous arlount of maintenance work later.

There are many other commonsense prac-
tices which should be observed to minimize paint
damage and the loss of built-in protective sys-
tems during normal ground handling of the air-
craft. Much damage is done to aircraft paint
films by failure to use the tiedown points pro-
vided, or by passing tiedown cables and lines
over or around supporting structures in such a
manner that the paint finish is worn, chipped,
or broken, especially at sharp edges.

Painted aircraft surfaces will withstand a
normal amount of foot traffic and abrasion by
fuel hoses and air lines. However, shoe soles
and fueling hoses pick up bits of sand, gravel,
and metal chips and become a coarse abrasive
which scratches and scuffs the protective finish
to the point where it is rendered completely in-
effective under shipboard operating conditions.
For this reason, time should be taken to wipe
or brush the sand 6r gravel from shoe soles
before climbing on aircraft.

wura1iy/ :0-Z;#1,
Arilille '" / / i 00filY"

lettaligAl.

AM.52
Figure 4-5.A-6A dust and protective covers,
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When removing cowling and access plates
during inspections the removed hardware should
not be placed on the deck to blow around and be-
come scratched. If it is not practical to provide
pads or cushioning for these components, they
should at least be secured to prevent their move-
ment. When using handtools to remove screws
and quick-opening fasteners on the aircraft ex-
terior, particular care should be taken to avoid
scratching the paint. Five minutes of extra time
spent in careful use of tools could save hours
of paint touchup and corrosion removal work
later.
AIRC RA FT PRESERVATION

The susceptibility of an aircraft to corro-
sion damage is greatest during those periods
when the aircraft is dirty, inactive, or being
shipped. Since aircraft spend more time on the
ground than in the air, even in an active squad-
ron, the need for effective prottr.tion becomes
apparent.

Suitable protection against corrosive attack
is achieved essentially by placing a barrier be-
tween the cleaned surface that is to be protected
and any possible source of moisture. During
manufacture or overhaul of the aircraft, pro-
tective barriers such as electroplate, paint, or
chemical surface treatment are provided. Sur-
faces that cannot be so treated, and in some in-
stances the trerted surfaces themselves, must
be covered with special corrosion-preventive
compounds. The protection these compounds give
is effective only if no moisture, dirt, or active
corrosion is present on the treated surface. It is
essential, therefore, that the aircraft be thor-
oughly clean and dry before a preservative com-
pound is applied. It is also necessary that an un-
broken film of preservatives be applied in as
moisture-free an atmosphere as pra

Compounas alone do not provide complete
protection. Tapes, barrier paper, and sealing
devices must also be used to seal off the nu-
merous openings on aircraft which, if allowed
to remain open during long-time storage, would
permit the entry of moisture and dirt. To pro-
vide additional protection against corrosion a
complete moisture barrier is sometimes pro-
vided. Internal areas that have been sealed off
are dehydratedby installing desiccants (moisture
absorbents) to remove entrapped moisture un-
less the cavity is protected with a yawr corro-
sion inhibitor. When any area cannot be sealed
adequately, provision must be made for ventila-
tion and moisture drainage.

When certain installed equipment in an air-
craft is not being used regularly, its compo-
nents are required to be preserved. For exam-
ple, the guns of an aircraft must be cleaned after
each firing. The type of oil or other protective
treatment which is to be applied subsequently
depends upon the anticipated period of idleness
for the guns.

The requirements for the preservation of
operating aircraft are of the most concern of
a Third or Second Class AME; therefure, this
section emphasizes the use of preservative
coatings to supplement paint films, prevent salt
spray and salt water damage to operating air-
craft, and minimize exposure during routine
maintenance and repair.

In maintenance of aircraft surfaces, under
operating conditions, preservation means sup-
plementing the protection already present, or
providing temporary protection to damaged
areas, by the use of various protective coatings
and barrier materials. A brief description of
some of the more common materials used in
aircraft preservation and readily available in
Navy stock is included in the following para-
graphs.

Compound, Corrosion-
Preventive, Solvent Cutback

This material is familiarly known as "par-
alketone." It is supplied in four grades for
specific application. All grades of this compound
may be applied by brush, dip, or spray. They
may be easily removed with Stoddard Solvent
or mineral spirits. These materials are designed
for cold application. Some preservative com-
pounds must be applied hot; therefore, when in-
tending to use one of the grades of this solvent
cutback material, the specification number
(MIL-C-16173) should always be verified.

Grade 1 forms a dark, hard-film, opaque
cover. Its general use is limited because of the
difficulty in removing aged coatings and also
because of the hiding power of the material when
it is applied over corroded areas. This material
is used only where maximum protection against
salt spray is required. Present inntructions
generally limit its use to seaplanes and am-
phibian surfaces.

Grade 2 is a soft-film, grease type material
that can be used on most operating parts. Its
chief disadvantage is the fact that it may be
washed off under direct exposure to salt water
or may be removed by inadvertent wiping. It
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protects under relatively severe r,r1 .t i and,
given adequate maintenance an ' tot',
essary, can be used for most inaximun, protec-
tion requirements.

Grade 3 is a very light, water lisplacing
preservati--3, with the ability of penetrating
under surface water and forming a protective
film on the metal. This material is most effec-
tive in treatment of equipment or components
after direct exposure of critical surfares to
water or firefighting chemicals, or for internal
protection of water-carrying systems. This
grade itself offers only limited protection for
short periods of time and must be supplemented
by frequent maintenance or heavier materials as
soon as practicable.

Grade 4 preservative forms thin, semi-
transparent films through which identification
data can usually be read. It also sets up rela-
tively dry to the touch so that preserved parts
may be easily handled. This grade has proved
particularly effective in protecting wheel well
areas and other exposed surfaces where film
transparency is required and moderate protec-
tive characteristics can be tolerated. The main
disadvantages of this material i3 that it is easily
removed by.water spray and requires replace-
ment at 1-month intervals under severe exposure
conditions.

Corrosion-Preventive Petroleum

These preservatives are designed for hot ap-
plication and are available in two classesClass
1 (hard film) and Class 3 (soft film). Both con-
sist of corrosion inhibitors in petroleum. They
are removed with Stoddard Solvent or mineral
spirits. Where a hard film is not necessary,
Class 3 should always be used as it is easier
to apply and remove yet renders the same
degree of protection. Class 1 is generally used
for long-time indoor protection of highly finished
metal surfaces and aircraft c ontrol cables. Class
3 is used to provide protection of metal surfaces
such as antifriction bearings, shock-strut pis-
tons, and other bright metal surfaces.

Class 1 must be heated to 1700 to 200° F
before applying by brush or dip. For brushing
class 3 material, it must be between 600 and

° F and for dipping, between 150° and 180°120 F.

Oil, Preservative,
Hydraulic Equipment

This oil is used in the preservation of hy-
draulic systems and components and shock
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struts. This oil is similar in appearance to, but
is not interchangeable with, operating hydraulic
fluid, therefore before using operating hydraulic
fluid (MIL-H-5606) or this preservative oil
(WL-H-6083) for any purpose the specification
number should be checked to ascertain that the
correct oil is being used. The preservative oil
contains oxidation and rust inhibitors, viscosity
improver, and antiwear agents. Hydraulic parts
and components being turned in for screening
and repair are flushed and drip drained with
MIL-H-6083 oil prior to being forwarded.

Designed primarily for hydraulic components
this oil may be used on any bare critical sur-
face that needs protection. Operating hydraulic
fluid will protect a steel panel immersed in water
for only about 48 hours. The same metal panel
coated with MIL-H-6083 inhibited hydraulic oil
will show 100-percent protection for u period
of 30 days or more.
Lubrication Oil,General
Purpose, Preservative

There are several different types of lubri-
cating oil, some of which contain preservatives.
In order to be absolutely sure that the proper
oil is used in a given situation, each must be
identified with .ts specification number. The
specification number for the oil discussed in this
section is VV-L-800 (supersedes MIL-L-644).

VV-L-800 oil was compounded for lubrica-
tion and protection of piano-wire hinges and
other critical surfaces and whenever a water-
displacing, low-temperature, lubricating oil is
required.

VV-L-800 may be applied, as received, by
brush, spray, or dip methods. It is readily re-
moved with Stoddard solvent or mineral spirits.
Lubricating Oil, General
Purpose, Low Temperature

This general purpose oil (Specification MIL-
L-7870) is suitable for use anywhere that a gen-
eral purpose lubricating oil with low tempera-
ture, low viscosity, and corrosive-preventive
properties is required.

This oil is suitable for brush, spray, dip, or
general squirt-can application. It is not neces-
sary to remove before reoiling or for inspection.

Corrosion Preventive
Compound (MI: -C-81309)

This materLal is a water displacing corro-
sion prevention ,:ompound and lubricr it. It forms
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a thin, clear protective coating wlwn applied by
aerosol, brush, clip, or spray. It offers only short
term protection so must be reapplied frecrently.
On exposed surfaces, protection at it s best would
be 7 days between applications and up to 30 days
on internal surfaces which are protected fr,nn
direct outside environments. It is easily removed
with drycleaning solvents. It is very effective
when used in the following areas: Piano-wire
hinges, removable fasteners, B-nuts, linkages,
bolts and nuts, ejection seat mechanisms, canopy
locks, control surface hinges, electrical con-
nectors, and microswitches.
Packaging and Barrier Materials

A minimum of packaging is necessary at the
operating activity level. However, critical air-
craft and engine areas require shrouding
against contamination during maintenance and
repair. Fuselage openings require adequate
seals when cleaning and stripping materials are
used. At least three acceptable barrier mate-
rials are available in Navy stock for sealing and
shrouding large aircraft openings.

WATER-VAPORPROOF BARRIER MATE-
RIAL.This material is a laminated metal foil
barrier that has good water-vapor resistance
and can be used for closing of intake openings,
for protection of acrylics during cleaning, and
for necessary packaging of removed components
and accessories being returned to overhaul. It
is heat sealable with a soldering or clothes iron.

POLYETHYLENE PLASTIC FILM.This
barrier material is used for the same purposes
as the metal foil barrier material and is much
less expensive. It is however not puncture re-
sistant. The plastic film is heat sealable only
with special equipment.

POLYETHYLENE COATING CLOTH.This
cloth is used to a great extent in ground sup-
port equipment covers. Its use is -referred over
the plastic film material for 'teral aircraft
shrouding because of its greater tear and punc-
ture resistance.

TAPE, FEDERAL SIECIFICATION PPP-
T-60, TYPE 1, CLASS 1.This pressure-sen-
sitive tape is used for closure of small aircraft
openings and for direct contact use on noncritical
metallic surfaces. The tape has moderate water-
vapor resistance, which is generally adequate for
maintenance use. The main disadvantage of this
tape is that some cloth-backed mat 'rials have
not been preshrunk, and tape closures tend to
pull loose when exposed to high humidity condi-
tions.
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PRESSU tit: SENSITIVE ADHESIVE TAPE.
This item is a material developed specifically
for exterior preservation and sealing used in
aircraft maintenance programs. It is designed
for application at temperatures as low as 0 F
and should perform satisfactorily over the tem-
perature range from -65° F to 140° F. It is an
excellent general purpose tape for exterior pres-
ervation and sealing operations.

CORROSION DETECTION

Timely detection of corrosion is essential
to any corrosion control program. Of course
corrosion can be detected after a part fails (if
the aircraft can be recovered), but it is too late
to do anything about if othor than to intensify
inspections of other, similar aircraft. Inspec-
tion for corrosion and deterioration should be
a part of all routine inspections. There are, on
every aircraft, certain areas that are more
prone to corrosion than others. One should check
these areas carefully. In order for the corrosion
inspection to be thorough the person inspecting
must know the types of corrosion likely to be
:ound and the symptoms or appearance of each
type. Sometimes corrosion is hidden and special
detection methods are utilized in the search.
Various aspects of corrosion detechon are dis-
cussed in the following sections.

LOCATION OF CORROSION
PRONE AREAS

Discussion of corrosion prone areas in this
section includes trouble spots or areas that are
common to all aircraft. For this reason, cov-
erage for any given aircraft model is not nec-
essarily complete. Figure 4-6 illustrates trouble
spots applicable to a reciprocating engine air-
craft. Reference to the Periodic Maintenance
Requirements Cards for specific model aircraft
will enable inspections to be amplified and ex-
panded to the necessary degree.

Exhaust Trail Areas

Both jet and reciprocating engine exhaust
deposits are very corrosive. These deposits are
particularly troublesome where gaps, seams,
hinges, and fairings are located down the exhaust
path and where the deposits may be trapped and
not reached by normal cleaning methods. Inspec-
tion of these surfaces should include special at-
tention to the areas indicated in figure 4-7.
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1. Engine frontal area. 6. Landing gear and wheels. AM.53
2. Exhaust trail areas. 7. Oil cooler passages.
3. Battery compartment and 8. Wing fold areas.

vents. 9. Hinges, piano wire type.
4. Bilge areas. 10. Relief tube vents.
5. Spot welded skin ar 11. Control cables.

Figure 4-6.Typical corrosion prone areas on reciprocating engine aircraft.

Inspection procedures should also include thP
removal of fairings and access panels located
in the exhaust path.

JATO, Rocket, and Gun Blast Areas

Surfaces located in the path ofJATO, rocket,
and gun blasts are particularly subject to cor-
rosive attack and deterioration (fig. 4-8). In ad-
dition to the corrosive effect et the gases and
exhaust deposits, protective f'; hes are often
blistered by heat, blasted away by high-velocity
gases, or abraded by spent shell casings or solid
particles from gun and rocket exhausts. These
areas should be watched for corrosion and
cleaned carefully after firing operations.

'3attery Compartments and
Battery Vent Openings

Fumes from battery electrolyte are difficult
to contain and will spread throughout the battery
compartment, vents, and even adjacent internal
cavities, causing rapid, corrosive attack on un-
protected surfaces. The external skin area
around the vent openings should also be checked
regularly for the type corrosion. Corrosion
from this cause will continue to be a serious
problem whenever batteries are used.

Lavatories and Galleys

These areas, particularly on the deck be-
hind lavatories, sinks, and ranges, where enilled
food and waste products may accumulatL, are
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Figure 4-7.Exhaust trail corrosion points.

likely trouble spots if not kept clean. E'en if
some contaminants are not corrosive in them-
selves, they may attract and hold moisture,
which in turn causes corrosive attack. Inspec-
tors should pay attention to bilge areas located
under galleys and lavatories, and to perronnel
relief and ware disposal vents or openings on
the aircraft exteriors. Human waste proJucts
are very corrosive tc the common Mrcraft me-
tals.

Bilge Areas

A common trouble spot on all aircraft is the
bilge area. This is a natural collection point for
waste hydraulic fluids, water, dirt, loose fas-
teners, drill shavings, and other odds and ends
of debris, Oil puddles quite often mask small
quantities of water which settle to the bottom
and set up hidden corrosion cells. Keeping bilge
areas free of all extraneous materials, including
oil, is the best insurance against corrosion.

Wheel Wells and Landing Gear

The wheel well area probably receives more
punishment than any other area on the aircraft.
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CORROSION PROBLEM AREAS

THESE AREAS ARE ALSO POTENTIAL
WATER TRAPS ON SOME AIRCRAFT

GAS OUTLET DOOR

&N.M.

AM. 55
Figure 4-8.Gun b'ast area corrosioa points.

It is exp)sed to mua, water, salt, gravel, and
other flying debris from rinways during flight
operations and :s open to salt water and salt
spray when the aircraft is parked aboard ship.
Due to the malty complicated sh...pes, assem-
blies, and fittings in the area, complete cover-
age wit:a a protective paint film is difficult to
attain. Because of the heat generated from brak-
ing, preservative coatings cannot be used on jet
ai- craft landing gear wheels. During inspections,
particular attention should be given the follow-
ing:

Magnesium wheels, especially around bolt-
heads, lugs, and wheel web areas.

Exposed metal tubing, especially at nuts and
ferrules, and under clamps and identification
tapes.

Exposed position-indicator switches and
other electrical equipment.

Crevices between stiffeners, ribs, andlower
skin surfaces which are typical water and debris
traps.

Water Entrapment Areas

Design specifications require that aircraft
have drains installed in all areas where water
may collect. However, in many cases these
drains may not be effective, either due to im-
proper location or because they are plugged by
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sealants, extraneous fasteners, dirt, grease, and
debris. Daily inspection of drains should be a
standard requirement, especially abcard ship.

Wing Fold, Flap, and
Speed Brake Recesses

Flap and speed brake recesses are potential
corrosion problem areas mainly because they
are normally closed when on the ground. Dirt
and water may collect and go unnoticed. Wing
fold areas present a different problem and, like
wheel wells, contain many complicated shapes
and assemblies which are difficult to cover with
a protective pint coating or preservative film.
Wing fold areas are extremely vulnerable to salt
spray when wings are folded aboard ship.
Thorough inspection of this area should include
a mirror check of the back sides of tubing and
fittings. Also, particular attention shouldbe iaid
to aluminum alloy wing lock fittings such as are
used on sonie current aircraft models.

External Skin Areas

Most external aircraf, surfaces are ordi-
narily covered with protec:tive paint coatings
and are readily visible or available for inspec-
tion and maintenance. Evea here, certain types
of configuration or combinations of materials
become troublesome under shipboard operating
conditions and require special attention if seri-
ous corrosion difficulties are to be avoided.

Magnesium skin, when painted over, is not
visibly different from any other paintez1 metal
surface. However, those surfaces which are u:
magnesium are identified in the applicable
Structural Repair Manual. When aircraft con-
tain magnesium skin panels, these must be given
special attention during inspections for corro-
sion. Some current aircraft have ste^lfasteners
installed through magnesium skin wiT't, only pro-
tective finishes under the fastener !-.^.,ds or tapes
over the surface for insulatimi. !.1 i addition, al'
paint coatings are thin at and
corners. These conditions, coupled z,-ith magne-
sium's sensitivity to salt water attack, make up
a potential corrosion problem whenever magne-
sium is used. Therefore, any inspection for cor-
zosion should include the location and inspection
of all magnesium skin surfaces, with special at-
tention to edges, areas around fasteners, and
cracked, chippe. or missing paint.

Corrosion of spot-welded skins is chiefly
the result of the entrance and entrapment of

corrosive agents between the layers of metal.
(See fig. 4-9.) Some of the corrosion may be
caused originally by fabricating processes, but
its progress to the point of skin bulging and spot-
weld fracture is the direct result of moisture or
salt water working its way in thro41 open gaps
and seams. This type of corrosion is first evi-
denced by corrosion products appearing at the
crevices through wih the corrosive agents
entered. Co- :osion may appear at other external
or internal faying (closely Joined) surfaces, but
is usually more prevalent on external areas.
More advanced corrosive at)' -7k causes skin
buckling and eventual spot-w fracture. Skin
buckling in its early stages ma: ,-,-ected by
sighting along spot-welded seam: ( using a
strcightedge.
Piaw, Hinges

10 illustrates the ef.t o,
sion on tr.,: ho-wire type hinge% kr,' g.
aircraft. . e are not only prime s i CL.C-
rosion due dissimilar metn; ;.:3ntact be-
tween the and. aluminum hinge tam;ti,
but are *;.1.4,..) natural traps fer dirt,
and moisitir,.. 1en this type of hinge '16 use:1 on
access doo, s and plates which are opened 0y
during periodic ir:spcictions, they tend to freer.?
in place between inspections. The inspection for
corrosion of ;:hese hinges should include lubrica-
tion and actuaticn through several cycles to in-
sure complete penetration of the lubriczr,:..
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COOOSIVE AGENTS ENTEP
Al UNSEALED SKiN EDGES

Sk)T WELD SPOT WELD

ACCat et( A

ywo 7.6
\ Aga( \2

CORROSNE AGENTS TRAVEL
BETWEEN SKINS, APOUND
RIVETS AND WEL:S

CORROSION E.IILC-UP CAUSES
BUCKLING OF OUTER SKIN

AM. 56
Figure 4-9.Spot-welded sld:, corrosion pointt.
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BARr: S IEEL HINGE PIN

AL. ALLOY EXTRUSIONS

HIDDEN CORROSION OCCURS
HERE . JOINT FREEZES AND
LUGS BREAK OFF WHEN
HINGE IS ACTUATED

AM. 57
Figure 4-10.Hinge corrosion points.

Ejection Seats

Aboard ship, salt spray is admitted into most
cockpit areas when the canopies are opened for
respotting of aircraft, maintenance, or to ac-
commodate the manning of ready alert aircraft,
etc. While the cockpit and ejection seats are not
considered as corrosion prone as some other
areas, they are subjected to a corrosive enviroo-
ment and require constant attention along wit.'
other parts of the aircraft. The construction,
location, and difficulty encountered in thoroughly
inspecting and cleaning the ejection seat while
it is installed in the aircraft, along with the
lengthy time between aircraft inspections that
require seat removal, could result in the ejec-
tion seat becoming severely corroded if not
given adequate attention. The possibility that
slight corrosion could render the seat inoper-
able must not be overlooked. The Maintenance
Requirements Cards for the ejeCtion seats re-
quire that every portion of the seat be checked
thoroughly for corrosion when it is removed
from the aircraft during calendar/periodic in-
spections. Additional emphasis is usually given
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to the ultra-high-strength steel parts of the s( at.
Worn paint finishes and those showing sigr6 of
su)erficial corrosion should be given immediate
attention in accordance with the applicable Main-
tenanc. Instructions Manual. Cockpit fasteners
should be replaced wh( wer there is evidence
of corrosion. Bright n. tal tasteners should be
touched up with dull black paint to prevent
cockt glare.

APPEARANCE OF CORRODED PARTS

One of the r:.oblerns involved in corrosion
contro: is recognizing corrosion products wLen
they occur. The following paragraphs inclucio
brief clescri,Aions of typical corrosion product
charoderistics of the more common materials
of aircraft conatiuction. Photcgraphs of typical
corroded surfaces are provided in NavAir

ancl reference to that oublication will
enable maintenance personnel to become more
fandr:r with and be able to identify corrosion
in its various stage:.

Iron and Steel

Possibly the oest known and easiest recog-
nized of all forms of metals corrosion is the
familiar redeush co.( led iron rust. When iron
and its alloys corrode, d c iron oxide coatings
usually form first, and these coatings, such as
heat scale on steel ...heet itock, may protect iron
surfaces rather ffici t 'y. However, if su'-
ficient oxygen d moisture are present, the
iron oxide is soon (-Inverted to hy-;..-ated ferric
oxide, which is the conveational red rust.

Aluminum

Aluminum and : alloy xhibit a wide range
of corrosive attack, varying from general etcFng
of the surfaces to penetrating attacks along the
internal grain boundaries of the aetal The cor-
ros.on products are aeen as white to gray
powdery deposits and ..c re 'nlun Annus than the
original metal. Tn its Larly stages, aluminum
corrosion is evident as general etching, pitting,
and roughness of the surface. The surface attack
progresses quite sl-mly at Erst; hr:wever, it
will be accelerated if corroding mAt .:rial is not
given immediate attention.

Paint coatings tend to rrn...'s evidence of c
rosion, but the fact that the :orrosion produ,Ls
are mare voluminous will result in corrnsion
showing up as blisters, flakes, chips, lurr j, or
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oft.or irrebalarities in the paint coating. Often
vvniLe or gray streaks of corrosion products will
become adily apparent at breaks in the paint
film. Any such indications should result in
further investigation to determine the extent that
cor..csion has progressed.

Magne: .um and Its Alloys

agnesium corrosic:i E.roducts are white and
quite large compared to the size of the base me-
tal being corrodeti. The deposits have a tendency
to .aise slightly and the corrosion spreads
rapidly. When white puffy areas are discovered
on magnesium it requires prompt attention as
th,2 corrosion may penetrate entirely through the
structure in a very short time.

Copper and Copper Alloys

Copper and its alloys are generally corro-
sion resistant, although the products of corro-
sive attack on copper are commonly known.
Sometimes copper or copper alloy surfaces will
tarnish to a dull gray-green color and the sur-
face may still be relatively smooth. This dis-
coloration is the result of the formation of a
fine-trained, airtight copper oxide crust, called
a patina. This patina in itself offers good pro-
tection for the underlying metal in ordinary
situations. However, exposure of copper and
copper alloys to moisture or salt spray will
cause the formatio:i of blue or green salts in-
dicating active corrosion. These salts will form
over the patina since this crust is not impervious
to water (not moistureproof). Copper alloys used
in airc raft generally have a cadmium-plated fin-
ish to prevent surface staining and deterioration.

Cadmium and Zinc

Cadmium, particularly, is used as a coating
to protect the part to which it is applied and to
provide a compatible surface when the part is
in contact with other materials. Thp cadmium
plate supplies sacrificial protection to the under-
lying metal because of its greater activity. That
is, during the time it is protecting thebase me-
tal, the cadmium is intentionally being consumed.
It functions in the same way that an active mag-
nesium rod inserted in the water system protects
the piping of a hot water heater. The cadmium
becomes anodic and is attacked first, leaving the
base metal free of corrosion. Zinc coatings are
used for the same purpose,but to a lesser extent

in aircraft. Attack is evident by white to brown
to black mottl ing of the cadmium surfaces. These
indications DO NOT indicate deterioration of the
base metal. Until the characteristic colors pe-
culiar to corrosion of the base metal appear, the
cadmium is still performing its protectie func-
tion. Wire brushing or removal of the mottled
areas of cadmium merely reduces the amount
of cadmium remaining to protect the underlying
st ructu re.

Nickel and Chromium Alloys

These metals are albso used as protective
agents, both in the form of electroplated coat-
ings and as alloying constituents with iron in
stainless steels. Nickel and chromium plate
protect by forming an actual physical noncor-
rosive barrier over the steel. Electoplated
coatings, particularly chromium on steel, are
somewhat porous, and corrosion eventually
starts at these pores or pin holes unless a sup-
plementary coating is applied and maintained.

Titani ..n

Titanium is becoming more commonly used
in aircraft construction. It is a highly corro-
sion-resistant metal, but it may show some sur-
face deterioration from the presence of salt
deposits and other impurities, particularly at
higher temperatures. Corrosion products appear
as minute surface cracks. When used with other
metals, insulation must be used to prevent dis-
similar metal attack on the other metals.

FORMS OF CORROSION

Corrosion may occur in several forms, de-
pending upon the metal involved, its size and
shape, its specific function, atmospheric condi-
tions, and the corrosion-producing agents pres-
ent. Those described in this section are the
more common forms found on aircraft struc-
tures. Corrosion has been cataloged and typed
in many ways. For descriptive purposes, the
types are discussed here under what is con-
si-lered the most commonly accepted titles.

Direct Surface Attack

The surface effect produced by the direct
reaction of the metal surface with oxygen in the
air is a uniform etching of the metal. The rust-
ing of iron and steel, the tarnishing of silver, and
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the general dulling of aluminum surfaces are
common examples of surface attack. On alumi-
num surfaces if such surface attack is allowed
to continue unabated, the surface will become
rough and eventually frosted in appearance.

Pitting Corrosion

The most common effect of corrosion on alu-
minum and magnesium alloys is called pitting.
It is due primarily to the variation in structure
or quality between areas on the metal surface
in contact with a corrosive environment. Pitting
corrosion is first noticeable as a white or gray
powdery deposit, similar to dust, whichblotches
the surface. When the superficial deposit is
cleaned away, tiny pits or holes can be seEn in
the surface. They may appear as relatively
shallow indentations or deep cavities of small
diameter. Pitting may occur in any metal, but it
is particularly characteristic of aluminum and
magnesium.

Crevice Attack or
Concentration Cell

Concentration cell corrosion is actually a
form of pitting corrosion which is caused by the
difference in concentration of the electrolyte or
the active metal at the anode and cathode. When
there is concentration differences at two differ-
ent points in an entrapped pool of water or clean-
ing solution, anodic and cathodic areas may re-
sult, and the anodic area will be attacked. Figure
4-11 "lustrates the theory of concentration cell
corrosion. This type of attack is generally de-
tected where there are crevices, scale, surface
deposits, and/or stagnant water traps. This type
corrosion is controlled and prevented by keeping
areas cleaned, by eliminating the possibility of
water accumulation, by avoiding the creation of
crevices during repair work, and by elimination
of any existing voids which may become water
traps by the use of approved sealants and caulk-
ing compounds.

Intergranular Attack
Including Exfoliation

Intergranular corrosion is an attack on the
grain boundaries of some alloys under specific
conditions. During heat treatment, these alloys
aro heated to a temperature which dissolves the
alloying elements. As the metal cools, these ele-
ments combine to form compounds; and if the

LOW METAL ION CONCENTRATION

414 111
N .

HIGH METAL ION CONCENTRATION

METAL ION CONCENTRATION CELL RIVETED LAP JOINT

HIGH OXYGEN CONCENTRATION

1111,
7"

1 11
1/4

LOW OXYGEN CONCENTRATION

OXYGEN CONCENTRATION CELL

AM. 1128
Figure 4-11.Concentration cell corrosion.

cooling rate is slow, they form discriminantly
at the grain boundaries. These compounds differ
electrochemically from the material adjacent to
the grain boundaries and can be either anodic or
cathodic to the adjoining areas, depending on
their composition. The presence of an electrolyte
will resu!: in attack of the anodic area. This
attack will generally be quite rapid and can exist
without visible e vidence.

As intergranuhr corrosion progress to the
more advanced ti.ages, 't reveals itself by lifting
up the surface grain of tt, inetal by the force of
expanding corrosion prtuucts occurring at the
grain boundaries 4st below the surface. This ad-
vanced attack Is ; sforred to as EXFOLIATION,
and its recognition by corrosior. personnel and
immediate action to correct such serious corro-
sion is vital to aircraft safety. The insidious na-
ture of such an attack can seriously weaken
structural members before the volume of corro-
sion products accumulate on the surface and the
damage becomes apparent.

Metal that has been properly heat-treated is
not readily susceptible to intergranular attack;
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however, susceptibility can develop from local-
ized overheating, such as could occur from weld-
ing, fire damage, etc. If the intergranular attack
has not penetrated too far and sufficient struc-
tural strength remains, corrective procedures
as outlined in the applicable Structural Repair
Manual could restore the aircraft to a flight
status.

Whenever intergranular corrosion is evident
or suspected, it should be immediately brought
to the attention of senior personnel who can ini-
tiate appropriate action.

Dissimilar Metal Corrosion

Calvanic or dissimilar metal corrosion is
the term applied to the accelerated corrosion
of metal caused by dissimilar metal being in
contact in a corrosive medium such as salt
spray or water.

Dissimilar metal corrosion is usually a re-
sult of faulty design or improper maintenance
practices which result in dissimilar metals
coming in contact. It is Usually recognizable by
the presence of a build-up of corrosion at the
joint between the metals. For example, alumi-
num and magnesium materials riveted together
in an aircraft wing form a galvanic couple if
moisture or contamination is present. When
aluminum pieces are attached with steel bolts or
screws, galvanic corrosion can occur around the
fasteners.

Aircraft manufacturer's utilize a variety of
separating materials such as plastic tape, seal-
ant, primer, washers, lubricants, etc., to keep
these metals from coming in direct contact and
thus keep corrosion to a minimum. It is imper-
ative that these separating materials remain
intact or are replaced, restored, or repaired as
necessary throughout the life of the aircraft.

Since some metals are more active than
others, the degree of attack will depend on the
relative activity of the two surfaces in contact.
In any case, the more active or easily oxidized
surface becomes the alio& and corrodes. In
plated metal the poseibility of dissimilar metal
corrosion becomes a factor only if there are de-
fects in the plating, which would allow moisture
penetration and subsequently the forming of a
galvanic cell.

Stress Corrosion

Stress corrosion, evidenced by cracking, is
caused by the simultaneous effects of tensile

stress and corrosion. Stress may be internal or
applied. Internal stresses are produced by non-
uniform deformation during cold working, by
unequal cooling from high temperatues during
heat treatment, and by internal structural re-
arrangement involving volume changes. Stresses
set up when a piece is deformed, those induced
by press and shrink fits, and those in rivets and
bolts are examples of internal stresses. Con-
cealed stress is more important than design
stress, especially because stress corrosion is
difficult to recognize before it has overcome the
design safety factor. The magnitude of the stress
varies from point to point within the metal.
Stresses in the neighborhood of the yield strength
are generally necessary to promote stress cor-
rosion cracking, but failures have occurred at
lower stresses.

Fatigue Corrosion

Fatigue corrosion is a special kind of stress
corrosion and is caused by the combinedeffects
of corrosion and stresses applied ii, cycles to a
part. (NOTE: An example of cyclic sress is the
alternating loads to which the reciprocating rod
on the piston of a hydraulic, double-acting ac-
tuating cylinder is subject. During the extension
stroke a compression load is applied and during
the retracting or pulling stroke, a tensile or
stretching load is applied.) Damage from fatigue
corrosion is greater than the combined damage
of corrosion and cyclic stresses if the part was
exposed to each separately. Fracture of a metal
part due to fatigue corrosion generally occurs at
a stress far below the fatigue limit in a labora-
tory environment, even though the amount of cor-
fosion is unbelievably small. For this reason,
protection of all parts subject to alternating
stress is particularly important wherever prar-
tical, even in environments that are only mildly
corrosive.
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Fretting Corrosion

Fretting corrosion is a limited by highly
damaging type of corrosion caused by a slight
vibration, friction, or slippage between two con-
tacting surfaces which are under stress and
heavily loaded. It is usually associated with
machined parts, such as the area of contact of
bearing surfaces, two mating surfaces, and
bolted or rivited assemblies. At least one of the
surfaces must be metal. In fretting corrosion, the
slipping movement at the interface of the
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contacting surface destroys the continuity of the
protective films that may be pri-:sent on the
metallic surface. This action removes fine
particles of the basic metal. The particles
oxidize and form abrasive materials which
further agitate within a confined area to produce
deep pits. Such pits are usually so located as
to increase the fatigue failure potential of the
metal. Fretting corrosion is evidenced at an
early stage by surface discoloration and by the
presence of corrosion products in any lub-
rication present. Lubrication and securing the
parts so that they are rigid are the most effec-
tive measures to prevent this type of corrosion.

Filiform Corrosion

Filiform corrosion is threadlike filamentsof
corrosion known as underfilm. Metals coated
with organic substances, such as paint films,
may undergo this type of corrosion.

Filiform corrosion occurs independent of
light, metallurgical factors in Lie steel, and
bacteria, but takes place only in relatively high
humidity, 65 to 95 percent. Although the thread-
like filaments are visible only under clear
lacquers or varnishes, they also occur with some
frequency under opaque paint films. Filiform
corrosion can occur on steel, zinc, aluminum,
magnesium, and chromium plated nickel.

Microiological Corrosion

Micro-organisms contained i sea water can
be ilitroduced into fuel systems by contaminated
fuel. These fungus growths attack the sealing
material used on integral fuel tanks. Under
certain conditions, they can cause corrosion of
alUminum probably by aiding in the formation of
concentration cells. Residucs resulting irom
biological growth tend to clog fuel filters, and
coat fuel capacity probes, giving erroneous fuel
quantity readings.

SPECIAL DETECTION METHODS

A variety of nondestructive inapcotion meth-
ods may be utilized by the structural mechanic
in detecting flaws in metal. Special methods to
detect intergranular corrosion using ultrasonics
and eddy current principles familiar to some
specially trained senior structural mechanics
have been developed. Knowledge of these more
sophisticated methods is not required at the
AME 3&2 petty officer level. Any time there is

even the slightest concern over the extent of
intergranular corrosion damage or suspected
damage, these specially developed methods
should be conducted by qualified personnel.

AME 3 & 2 personnel are required to have
knowledge concerning the variety of penetrant
inspections used to detect va7ious types of dis-
continuities which are open to the surface of
the material. Penetrant inspections provii.e a
quick and reliable means of detecting suchflaws
and are E.uitable for detecting the depth of
intergranular cracks or other general defects.

The various types and methods of inspections
are suitable for locating almost any type of
defect open to the surface on a variety of non-
absorbent materials such as, ferrous and non-
ferrous metals, ceramics, hard rubber, plastic,
and glass.

The following section will provide basic
coverage on the types and methods of penetrant
inspection, general inspection procedures, and
interpretation of results. Complete and detailed
coverage necessary for a thorough under standing
of the penetrant methods of inspection is pro-
vided in NavAir 01-1A-16, Nondestructive In-
spection Methods, Technical Manual. Tests on
critical aircraft components require a thorough
knowledge of all material included in that section
of the manual for the specific test being conducted
to insure proper testing and interpretation.
P ENETRANT INSP EC TIONS

Penetrant inspection is a nondestructive test
for defects open to the suriace in parts made of
any nonporous material. Penetrant inspection
depends tor its success upon a penetrating
liquid entering the surface opening and remain-
ing in that opening, making it clearly visible for
the operator. It calls for visual examination of
the part by the operator after it has been
processed, but the visibility of the defect is
increased so that it can be detected. Visibility
of the penetrating material is increased by the
addition of dye which may be either oue of two
types-visible or fluor.?.scent.

The main disadvantage of penetrant inspec-
tion is that the defect must be open to the surface
in order to let the penetrant into the defect. For
this reason, if the part in question is made of
material which is magnetic, the magnetic par-
ticle inspection or X-ray is generally recom-
mended. It is also essential that there be no

I contaminant within the defect which might either
prevent the penetrant from entering or which
may reduce its visibility.
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The materials used in the visible dye pene-
trant inspection are available in aviation supply
stock in the form of a complete inspection kit.
Inr.luded in the kit are the following items: two
spray cans of penetrant, dye remover-emulsi-
fier, and developer. For repl enisiiment pur-
poses, these materials are i_so available as
individual items. The chemicals are available
in ordinary containers for use when dipping or
brushing is desired.

The fluorescent inspection materials and
equipment are also furnished in kit form. The
complete equipment is contained in a metallic
carrying case. Included are the following items:
penetrant, penetrant cleaner, penetrant deve-
loper (both powder and su..pensich, ,t ypes), dauber
for applying powder, and a black light (ultra-
violet) assembly complete with power trans-
former. The chemicals may be replenished
individually from aviation supply stock.

General Inspection Procedure

First of all, the part to be inspected must
be clean. This includes the removal of surface
dirt, scale, paint, and oil, as well as removing
any materials or compounds that might fill or
cover the defects. If the part has been in contact
with water it may be possible to heat the part
slightly to evaporate the water.

Penetrant is then applied to all surfaces.
This may be done by dipping, flow-on, brushing,
or spraying. It is important that all suspect
areas be wet with penetrant. The penetrant must
be allowed to remain on the part for a period of
time called the penetration (dwell) time. This
allows the penetrant to seek and fill surface
openings. The length of the penetration time
varies with the process and techniques used,
the material of which the part is made, and the
types of defects present.

The excess surface penetrant is removed
from the part by means o, a forceful water
spray. This operation does not remove the
penetrant from deep defects but does remove the
penetrant on the surface.

A developer is then applied to the part before
inspection. The function of the developer is to
blot back to the surface the penetrant that is
entrapped in fissures or defects in the part.
The developer should be allowed to remain on
the rart for a time before inspection for defects.
This elapsed time is to allow the developer to
bring back to the surface and magnify the traces
of ormetrant. Some types of defects in some parts

may be detectable without the use of a developer,
but for consistent and positive results, current
instructions recommend that a developer always
be used. A drying operation is necessary which
increases the effectiveness of the method and,
depending upon the type of developer used,
either dries the wet developer or prepares the
part for the application of the dry developer.

After the proper developing time has elapsed,
the part is ready for inspection. If the penetrant
used has a fluorescent dye in it, the inspection
must be performed in a darkened area andunder
black light. If the penetrant used has visible
dye, then inspection can be performed under
ordinary lighting conditions.

All traces of the developer should be re-
moved from the part before it is returned to
service.
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Types of Processes

There are two types of penetrant inspection
processes. Type I employs the use of fluorescent
penetrants, and Type II processes employ the
use of visible dye penetrants. Within each type
there are three methods, which are referred to
as methods A, B, and C. Each method within a
type uses a specific group of materials. Table
4-1 lists the types and methods of penetrant
inspection and their related group of materials.

Group I through group III penetrants are
visible dye penetrants containing dyes that make
them readily visible when exposed to natural or
artificial white light. Penetrants in group I are
removed by wiping with a cloth dampened by a
specially prepared compatible solvent supplied
with the portable penetrant kit. Penetrants in
group H are water washable (for removal) after
application of an emulsifier. This two-step
process makes group II penetrants more suitable
for detecting wide, shallow defects. Group H
penetrants are referred to as post-emulsifiable
penetrants. Group HI penetrants contain an
emulsifier which makes them water washable
as furnished.

Group IV through VII penetrants contain dyes
which will fluoresce (glow) when exposed to
black light. Group IV penetrants contain an
emulsifier which makes it water washable as
furnished. Groups V and VI are water washable
aftei applicecon of an emulsifier the same as
group IL Group VE penetrants are removLd by
wiping with a solvent-dampened cloth the same
as group I.
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Table 4-1. Penetrant inspection types, methods, and material groups.

Type Method

A

_

Penetrant
Used

Water-washable
fluorescent dye.

Post-emulsifiable
fluorescent dye.

Solvent-removable
fluorescent dye.

MIL-I-25135
Material

Group Used

Group IV

Group V

Group VI

Group VII

Family of Items in Group

Consists of a water-washable
fluorescent penetrant and a
dry, wet, or nonaqueous wet
developer.

Consists of a post-emulsifiable
fluorescent penetrant, an
emulsifier, and a dry, wet or
nonaqueous wet developer.

Consists of a high-sensitivity
post emulsifiable fluorescent
penetrant, an emulsifier, and
a dry, wet, or nonaqueous
wet developer.

Consists of a solvent-remov-
able fluorescent penetrant, a
penetrant remover (solvent)
and a nonaqueous wet devel-
oper.

A Water-washabl e
visible dye.

Group HI Consists of a water-washable
visible dye penetrant and a
dry, wet, or nonaquenus wet
developer.

II Post-emulsified
visible dye.

Group II Consists of a post-emulsifi-
able visible dye penetrant,
an emulsifier, and a dry, wet,
or nonaqueous wet developer.

II Solvent-removable
Visible dye

Grcup I Consists of a solvent-remov-
able visible dye penetrant, a
penetrant remover (solvent),
and a dry, wet, or nonaqueous
wet developer.

Selection of Inspection Process

The selection of the best type of pen2trant in-
spection suitable for the job at nand will depend
on several factors as follows:

1. Previously established requirements
specified on documents ridqui ring the inspec. ion.

2. Penetrant sensitivity required.
3. Surface condition of the part.
4. Configuration of the part. 9 4
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5. Number of parts to be tested.
6. Facilities anri equipment available.
7. Effect of the penetrant chemicals on the

m:Aerial being tested.
TYPE I, METHOD A, INSPECTION PROC-

ESS.This method lends itself to inspecting
large volumes of parts, large areas, rough sur-
faces, and threads and keyways. It is the rec-
ommended type/method to be used when:

Discontinuities are not wider than the: r depth.
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The lowest fluorescent penetrant sensitivity
is sufficient te detect the defects inherent to the
part.

Removal of excess penetrant may be difficult
due to rough surfaces on the part.

Sulfonates in the emulsifying agents will not
affect nickel bearing steels.

NOTE: This method is not recommended for
detecting extremely fine intergranular corrosion
or stress corrosion defects.

The water-washable fluorescent dye pene-
trant used in this type/method insuresgoodvis-
ibility of flaw patterns and can be easily washed
off with water. Since it is considered aone-step
process, it is fast and economical in time and is
relatively inexpensive to perform. This process
is not reliable in finding scratches and shallow
discontinuities as the penetrant is susceptible
to overwashing. It is not reliable on anodized
surfaces, and the penetrant can b affected by
acids and chrornates.

Following precleaning and drying, the water-
washable fluorescent penetrant is applied to the
surface being inspected by dipping, flow-on,
spraying, or brushing methods. After the pre-
determined dwell time, it is flushed from the
surface with a low-pressure (20-30 psi) spray
of cold water. The developer is then applied and
will cause the penetrant to bleed from any dis-
continuities or defects, and these flaw indica-
tions will becorric visible when exposed to rlack
light.

TYPE I, METHOD B, INSPECTION PROC-
ESS.This method is Ilsed when inspecting large
volumes of parts which may have defects that are
contaminated with itzervice soils or that maybe
contaminated with as:ids or other chemicals that
will harm water-washable penetrants. It is the
type/method recommended for use when:

A higher sensitivity than that offered by Type
I, Method A, is required.

Discontinuities are wider than their depth.
Inspecting parts for stress cracks, inter-

granular corrosion, or grinding cracks.
Variable, controlled sensitivities are neces-

sary so that nondetrimental discontinuities can
be disregarded while harmful or detrimental
ones can be detected.

The group V penetrant uccc i. with this type/
method is more sensitive than the group IVpen-
etrant of Type I, Method A; howcver, the group
VI penetrant used with Type I, Method B, is more
sensitive than group V.

NOTE: Only group VI materials are used for
inspecting for stress cracks or intergranular
cor rosion.

The fluorescent penetrant used in this proc-
ess is more brilliant than other processes and
affords greater visibility when exposed to black
light. For field use where light exclusion is not
always possible, it provides the greatest degree
of brilliance.

The Type I, Method B, process is highly sen-
sitive to fine defects and is also good on wide,
shallow defects. The penetrant washes easily
after emulsification and the penetrant is not as
susceptible to overwashing. Since it is con-
sidered a two-step process, because of the
emulsifier, it is slower than Type I, Method A.
The process is not as good on rough surfaces,
keyways, or threads; and because of the extra
materials used in the inspection, it is slightly
more expensive.

Followirg precleaning and drying, the post-
emulsifiable fluorescent penetrant is applied to
the surface being inspected. After being allowed
to dwell for the predetermined time, the emulsi-
fier is applied. The emulsifier combines with the
penetrant and is water washable. The excess pen-
etrant is then removed using a low-pressure (30
to 40 psi) spray of cold water. The part is then
thoroughly dried and the developer applied. The
penetrant is then drawn to the surface and any
flaw indications will become apparent as abril-
liant greenish-yellow color when exposed to
black light. The sensitivity of this process can
be controlled by the type of penetrant used,
dwell time, emulsifying time, rinsing technique,
and drying temperature and time.

TYPE I, METHOD C INSPECTION PROC-
ESS.This method is used for spot inspection
on large or small parts where the water rinsing
method is not feasible because of part size,
weighl, surface condit:ons, aryl lack of water, or
there i. no heat for drying or field use. The use
of solvent required to remove the penetrant pro-
hibits this process in inspecting :arge areas. Its
sensitivity can also be reduced by the applica-
tion of excessive amounts of penetrant remover.

Following precleaning and dr3ing, ihe solvent
removable fluorescent penetrant is applied to the
surface being inspected by dipping, flow-on,
spraying, or brushing methods. After the pre-
determined dwell time, it is then removed with
the solvent remover. The part is thoroughly
dried and developer is applied. Penetrant will
bleed from any discontinuities or defects and
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the flaw indications will be apparent when ex-
posed to hlack light.

TYPE II, METHOD A, INSPECTION PROC-
ESS.This process is utilized for inspection
surfaces when tie circumstances described for
Type I, Method A, exist and a fluorescent dye
penetrant is not necessary. A black light is not
needed; therefore, the work area need not be
darkened. The process is relatively inexpensive,
highly portable, excellent for spot checking, and
can be used on anodized parts. The penetrant is
easily washed off with fresh water.

Following precleaning amd drying, the water-
washable visible dye per,etrant is applied by
dipping, flow-on, sprayiog, or brushing methods.
After the predetermined dwell time, it is flushed
from the surface with a low-pressure spray of
water and the surface is dried. The apolication
of developer then draws out penetrant left in any
discontinuities or defects, and these flaw indica-
tions should appear clearly against the white de-
veloper background. The indications can be
easily seen in natural or artificial light.

TYDF. U, METHOD B, INSPECTION PROC-
ESS.This method :s used when a higher sen-
sitivity than that afforded by Type II, Method A,
is required. It is used when inspecting large
volumes of parts, parts that are contaminated
with acid or other chemicals that will harm
water-washable penetrants, parts which may
have defects that are contaminated with inserv-
ice soils, and for inspecting finished surfaces
and other general purpose applications.

The materials in this process are the most
sensitive of the visible dye penetrant inspection
methods; however, it is not recommended for
detecting extremely fine intergranular corro-
sion or stress corrosion defects.

Following precleaning and drying, the post-
emulsifiable visible dye penetrant is applied to
the surface being inspected by dipping, flow-on,
spraying, or brushing methods. After this group
II penetrant is allowed to dwell for a predeter-
mined time, the emulsifier is applied. The emul-
sifier combines with the penetrant, which be-
comes water washable. The excess penetrant is
then washed off using a row-pressure (30-40 psi)
spray of cold water. Application of the desired
developer will then draw out and absorb the in-
tense red penetrant from the discontinuity to pro-
vide a clear indication against the white de-
veloper background.

TYPE II, METHOD C, INSPECTION PROC-
ESS.This method is used when spot inspection
is required and where water rinsing is not

feasible. The use of solvent in removing the pen-
etrant prohibits inspection of large areas and
the process is not adaptable for detecting ex-
tremely fine defects.

Following precleaning and dry:ng, the solvent
removable visible dye penetrant is applied as
with previous methods. After the predetermined
dwel time, it is removed from the surface with
solvent remover and the part is thoroughly dried.
The application of the developer draws out the
bright red indication as with the other two vis-
ible penetrant types and methods.

FMULSIFIER.S,--The emulsifiers discussed
under the various types and methods are liquid
additives which, when applied to post-emulsifi-
able penetrants, combine with the excess sur-
face penetraut to render it water removable.
These emulsifiers have low penetrating prop-
erties, a necessary feature to avoid having the
emulsifier remove the penetrant from the dis-
continuity. They are of a contrasting color to
the post-emulsifiable penetrant so that it can be

termined easily if all the emulsifier has been
.( moved during the water rinsing. Proper rins-
inc, of fluorescent emulsifers is checked using
the biack light. Emulsifier dwell time is that
time which it takes for the emulsifier to mix with
the surface penetrant in order for it to rinse
proper)y.

DEVELOPERS.As previously mentioned
under the types and methods (table 4-1), there
are three types of developersdry, aqueous wet,
and nonaqueous wet.

Dry developer is a highly absorptive fluffy
white powder. It is applied to the part after it
has been thoroughly dried and provides a con-
trasting background/to flaw indications and ab-
sorbs the penetrant at the defect. The dry type
developers cause less bleeding of the penetrant
indication and thus provide better resolution.
The dry developer adheres primarily to the flaw
openings wetted by the penetrant liquid and pro-
vides sharp flaw delineations. It is applied by
dipping, dusting, or flow-on method.

Aqueous wet developer consists of an absorb-
ent powder supplied in dry form which is mixed
and suspended in water for application to the part
being penetrant inspected. The suspension of the
wet developer must be agitated to insure thorough
suspension of the absorbent powder in the water.
Excess penetrant is removed from the part and
the wet developer is applied to the part while it
is still wet. The wet developer, on drying, pro-
vides an absorbent white background for maxi-
mum color contrast and causes the penetrant to
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bleed from the flaw cavity, obtaining increased
inspection accuracy. Wet developers cause
greater bleeding :uid are more sensitive when
applied as a spray. They ar., applied by dipping
or flow-on method.

Nonaqueous wet developer consists of an
absorbent powder suspended in a volatile liquid.
This developer offers tlw highest relative sensi-
tivity and is used primarily for spot inspeetion
where the surface being inspected has not been
heated during the process. The sensitivityof tie
developer can be increased by vibrating the spray
gun during application. The preferred nwthod of
application is spraying. It may also be applied
by brushing, but this is not generally preferred.

NOTF: Nonaqueous developers should nut be
applied to a hot part until the part has b(en
cooled enough to be hand held. Some of the non-
aqueous developers have a flash point of 50 F.

Developer dwell time will depend on the type
of penetrant developer and the type of defect.
Allow sufficient time fur an indication to form,
but do not allow penetrant to bleed into the
developer in such quantities to cause a loss ef
defined indications.

The developer dwell time will vary from a
few minutes to an hour or more. A good rule
of thumb is as follows: development time for a
given material or type of defect is about one-half
of the time considered proper for penetration
dwell time.

Interpreting Results

With penetrant inspections there are no false
indications in the sense that such things occur
in the magnetic particle inspection. However,
there are twu conditions which may create ac-
cumulations of penetrant that sometimes are
confused with true surface cracks.

The first condition is a result of poor wash-
ing. If all the surface penetrant is not removed
in the washing or rinse operation following the
penetration time, the unremoved penetrant will
be visible. This condition is usually easy to
identify since the penetrant will be in broad
areas ratner than in the sharp patterns found
with true indications. When accumulations of
unwashed penetrant are found on a part, the
part should be completely reprocessed. De-
greasing is recommended for removal of all
traces of the penetrant.

Another condition which may create false
indications is where parts are press-fit to each
other. For example, if a wheel is press-fit onto

a shaft, the penetrant will show an indication
at the fit line. This is perfectly normal since
the two parts are not 1110:111t to hP welded to-
:;ether. Indications of this type are easy to
identify since they are so regular in form and
shape.

The success and reliability of the penetration
inspection depend upon the thoroughness with
which the operator prepares the part from the
precleaning all the way through to the actual
search for indications. It is not a method by
which a part is thrown into a machine which
separates the good parts from the bad. The
operator must carefully process the part, search
Out indications, and then decide the seriousness
of defects found in order to determine the dis-
position of parts with indications. Penetrant
inspections are important tools for finding de-
fects before those defects grow into failures.
As an operator, it is up to you to get the most
out of the method used.

Fluorescent indications, when viewed under
black light, fluoresce brilliantly and the extent
of the indication marks the extent of the defect.
Pores, shrinkage, lack of bond and leaks will
show as glowing spots, while cracks, laps, forg-
ing bursts or cold shuts will show as fluorescent
lines. Where a large defect has trapped a quantity
of penetrant the indications will spread on the
surface. Experience in the use of thc method
allows interpretations to be drawn from the
extent of the spread as to the relative size of
the defects. Grinding into certain defects, or
sectioning and viewing under black light will
rapidly build up experience and knowledge of the
character of defects lying below various types
of indications. For best results, inspection
should be done in a darkened area. The darker
the area of inspection, the more brilliant the
indications will show. This is extremely impor-
tant when looking for very fine indications. The
inspection table should be kept free of random
fluorescent materials. If penetrant has been
spilled in 'ae inspection area, on the table, or
the operai hands, it will fluoresce brilliantly
and may confuse the operator.

Visible dye penetrant indications appear as
red lines. As the d-',eleper dries to a smooth
white coating, red indications will appear at the
location of defects. If no red indications appear,
there are no surface flaws present. No special
lighting is required for e visible dye penetrant
inspection.

It is possible to exa. 'ne an indication of a
discontinuity and to determine its cause as well
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as its extent. Such an appraisal ( an be made if
something is known about the r- anufacturing
processes to which the pae has ,-ieen subjected.
The extent of the indication, or acoumulation of
penetrant, will show the extent of the discontinu-
ity, and the brilliance will be a nic.asu:.. of its
depth. Deep cracks will hol:I t lore p(uotri-at
and therefore will be broader and more brilliant.
Very fine openings can hold only small aniouuts
of penetrant ana therefore will appear a3 fine
lines.

The most effective training tool for identi-
fying and recognizing defects is a collection of
parts with typical defects which can be referred
to frequently. Parts that have been rejected
because ef defects should be clearly marked or
partially damaged so that they will not be con-
fused with acceptable parts. Unless the defects
are extremely large the indications will remain
on the parts for several months or longer.

It is not advisable to reinspect anypartusing
a different type process than the one originally
used. Fluorescent penetrants and visible dye
penetrants are not very compatible; therefore,
if at all possible, if rein.ipection of a part is
required, the original process should be
employed.

Documentation of penetrant inspections can
be done on Support Action Forms (SAF's),
Maintenance Action Forms (MAF's), or Techni-
cal Directive Compliance Forms (TDCF's), de-
pending upon the circumstances which warrant
or require the inspection. Figure 4-12 illus-
trates the use of a MAF for penetrant inspection
during a calendar inspection, and figure 4-13
illustrates the TDCF being used because of an
Aircraft Bulletin. When the MAF is used, the
worker in most cases initiates and completes
the form, while the TDCF is usually initiated
by Maintenance/Production Control, and the
worker complies with it and completes the form.

Detailed information on MAF's and TDCF's
and their uses is covered in Military Require-
ments for Petty Officer 3 & 2, NavPers 10056-
C, and OpNav 4790.2 (Series) Instruction.

CORROSION ELIMINATION

When corrosion of aircraft skin or structures
has been discovered, the first step to be taken
should t2 the safe and complete removal of the
corrosion deposits or replacement of the af-
fected part. Which of these actions to be takei
depends upon the degree of corrosion, the extent
of damage, the capability to repair or replace,
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and the availability of replacement parts. Any
part which has been damaged by corrosion
should he r._.,laced if continued uso is likely to
result u structural failure. Areas to be treated
for corrosion deposit elimination must be clean,
unpainted, and free of oil and grease. Chips,
burrs, flakes 01 residue, and surface oxides
must be removed. However, care must be taken
to avoid removing, at the same time, too much
of the uncorroded surface metal. Corrosion
deposit removal must be complete. Fa:lure to
clean any surface debris permits the corrosion
process to continue even after refinishing the
affected areas.

When corrosion is present, any protective
paint films must first be removed to insure that
the entire corroded area is visble. After the
corrosion has been removed the extent of dam-
age must be assessed. It is at this point that
the datermination is made to repair or replace
the affected part or to perform a corrosion
correction treatment. This treatment involves
the neutralization of any residual corrosion
materials that may remain in pits and crevices,
and the restoration of permanent protective
coatings and paint finishes.

PAINT REMOVAL

Paint removal operations at the Organiza-
tional and Intermediate level of maintenance are
usually confined to small a:. eas, or possibly a
whole panel. In all cases, the procedures out-
lined in the applicable Maintenance Instructions
Manual should be observed. General stripping
procedures are contained in Aircraft Cleaning
and Corrosion Control for Organizational and
Intermediate Maintenance Levels, NavAir 01-
1A-509.

Materials

All paint removers are toxic and caustic;
therefore, both personnel and material safety
precautions must be observed in their use.
Personnel should wear eye protection, gloves,
and a rubber apron.

PAINT REMOVER, SPECIFICATION MIL-
R-81294.This is a new epoxy paint remover
for use in the field. This remover will strip
acrylic and epoxy finishes very satisfactorily.
Acrylic windows, plastic surfaces, and rubber
products are adversely affected by this material.
This material should not be stocked in large
quantities as it ages rapidly, degrading the
results of stripping action.
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Figure 4-12.MAF used for penetrant inspection during calendar inspection.
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Figure 4-13.TDCF docunlentation for penetrant inspection.

Additional paint removers are discussed in
NavAir 01-1A-509 and NavAir 07-1-503. Fach
remover has a specific intelckd use. For exam-
ple, MIL-R-81294 is for removing epoxy finishes
but could be damaging to synthetic rubber, while
nonflammable water soluble paint remover con-
forming to MIL-R-18553 is usable in contact
with synthetic rubber. In all cases utilize the
recommended remover that meets the require-
ments of the job being accomplished.

Procedures and Precautions

The stripping procedures provided in this
section are general in nature. When stripping
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any aircraft surface, consult the applicat-'
Maintenance Instructions Manual for the spec-
procedures to be used.

Stripping should be accomplished outsic,e
whenever possible. If stripping must be done
in a hangar or other enclosure, adequate ven-
tilation must be assured. CAUTION: Prior to
cleaning and stripping, insure that the aircraft
is properly grounded to d'Assipate any static
electricity produced by the cleaning and strip-
ping operations.

Using approved tapes and papers, mask all
seals, joints, skin laps, bonded joints, etc.,
where the paint remover may contact adhesives.
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Apply the stripper liberally, and completely
cover the surface h). a depth of 1, 32 to 1 16

Melt, using a bristle brush. The stripper should
in.,t be spread in a thin coat like paint, since it
will not loosen paint sufficiently for remeval,
and the remover may dry on the surface of the
metal, requiring a reapplication.

Allow the strippyr to riznain on the surface
for a sufficient length of time to wrinkle and
lift the paint, which may he front 10 minutes to
several hours, depending on both the tempera-
ture and humidity and the condition of the paint
coat being removed. Loosened paint may be
removed with fiber scrapers, bristle bruf:hes,
and rags. The surface should then be rinsed
with )vater to remove any residual stripper.

After riusing the area thoroughly, wipe down
with rags wet with lacquer thinner or on ap-
proved solvent cleaner such as Stoddard solvent.

The next step is to remove all masking tape
and carefully strip away the remaining paint it
covered, using rags slightly dampened with an
approved solvent cleaner such as methyl-ethyl-
ketone (MEK). Use only nonmetallic scrappers
to assist in removing persistent paint finishes.
CORROSION RFMOVAL

After the paint has been removed from cor-
rosion-damaged areas of metal surfaces, it is
nocessq:-- to remove all corrosion deposits

ar accurate assessment of damage can
be ni-de. The different corrosion removal pro-
cess.'.s required by the various aircraft metals
include chemical treatments to prevent or retard
future cbrrosive attack. These chemical treat-
inents are (:iscussed as a part of the corrosion
removal processes in this section. Further
chemical treatments are applied for the purpose
of improving paint adhesion if it is determined
that the corrosion damage is tolerable and the
affected parts may remain in service. Prepaint
treatments are discussed in a subsequent section
of this chapter.

Corrosion Removal From Aluminum

There are three types of aluminum surfaces
insofar as corrosion removal is concerned. They
are clad, anodized, and exfoliated.

CLAD ALUMINUM SURFACFS.-Pure alu-
minum has considerable corrosion resistance
compared to aluminum alloys, but has little or
no structural strength. It has been learned that
an extremely thin sheet of pure aluminum
laminated onto each side of an aluminum alloy
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sheet improves the corrosion resistance with
little impairment of strength. The trade name
of this aluminum laminated as originated by the
Aluminum Company of America is -Alclad."
From this trade name the adjective -clad" and
the verb 'cladding" have been derived. Not all
aircraft sheet aluminum is clad, especially those
alloy sheets from which small brackets, gus-
sets, fittings, etc., are made. The pure alumi-
num is very soft and the fabrication processes
would severely damage or destroy the clad
surfaces.

To remove corrosion from clad surfaces the
corroded areas should be hand polished with
household abrasives such as Bon Ami or Ajax,
or with a specification metal polish, MIL-P-
6888. It (the specification polish) effectively
removes stains and produces a high-gloss,
lasting polish on unpainted clad surfaces. During
the foregoing polishing operation, care must be
taken to avoid unnecessary mechanical removal
of the protective clad layer and the exposure of
more susceptible, but stronger, aluminum alloy
base.

If there is any superficial corrosionpresent,
it should be treated by wiping down with an
inhibitive material such as the Chemical Sur-
face Films for Aluminum Alloy, available under
specification MIL-C-5541A. (See Chemical Sur-
face Treatment, this chapter.)

ANODIZFD ALUMINUM SURFACFS.Ano-
dizing is the most common surface treatment of
nonclad aluminum alloy surfaces. The aluminum
alloy sheet or casting is the positive pole in an
electrolytic bath in which chromic acid or other
oxidizing agent produces an aluminum oxide
film on the metal surface. Aluminum oxide is
naturally protective, and anodizing merely in-
creases the thickness and density of the natural
oxide film. When this coating is damaged in
service, it can only be partially restored by
chemical surface treatments. Therefore, any
processing of anodized surfaces, including cor-
rosion removal, should avoid unnecessary des-
truction of the oxide film.

Aluminum wool, nylon webbing impregnated
with aluminum oxide abrasive, or fiber bristle
brushes are the approved tools for cleaning
anodized surfaces. The use of steel wool, steel
wire brushes, or harsh abrasive materials on
any aluminum surface is prohibited. Producing
a buffed or wire brush finish by any means is
also prohibited. Otherwise, anodized surfaces
ar treated in much the same manner as other
aluminum finishes.
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EXFOLIATED SURFACES.As previously
described, exfoliation is a separation along the
grain boundaries of metal and is caused by in-
tergranular corrosion. More severe procedures
must be observed when intergranular corrosion
is present. The mechanical removal of all cor-
rosion products and visible delaminated metal
layers must be accomplished in order to deter-
mine the extent of destruction and to evaluate
the remaining structural strength of the compo-
nent. Metal scrapers, rotary files, and other nec-
essary tools are used to assure that all corro-
sion products are removed and that only
structurally sound aluminum remains. Inspec-
tion with a 5 to 10 power magnifying glass, or
the use of dye penetrant, will aid in determining
if all unsound metal and corrosion products have
been removed. When complete removal has been
attained, any rough edges should be blended or
smoothed out even though this involves the re-
moval of more metal. Grinding, where required,
can best be accomplished by using rubber base
wheels into which tiny particles of aluminum
oxide abrasives have been impregnated.

Chemical treatment of exposed surfaces is
applied in the same manner as any other alu-
minum surface.

Any loss of structural strength in critical
areas should be evaluated by cognizant aero-
nautical engineers, particularly if the damage
exceeds the permissible limits established in
the Structural Repair Manual for tne aircraft
model involved.

Corrosion Removal
From Iron and Steel

The most practical means of controlling the
corrosion of steel is the complete removal of
the corrosion products (rust) by mechanical
means. Except on highly stressed steel sur-
faces, the use of abrasive papers, small, power
buffers (fig. 4-14) and buffing compounds, hand
wire brushing, and steel wool are all acceptable
cleanup procedures. It is a recognized fact, how-
ever, that in any such usesof abrasives, residual
iron rust usually remains in the bottom of small
pits and other surfaces. As a result, apart once
rusty usually corrodes again, more easily than
it did the first time.

There are approved methods for converting
active iron rust to phosphates and other protec-
tive coatings; however, most of these procedures
require shop installed equipment and are there-
fore impractical in the field. Another dis-

WIRE BUFFING WHEEL

AM. 58
Figure 4-14.Corrosion removal from ordinary

steel.

advantage of chemically inhibiting iron rust Is
the danger of entrapping these chemicals in in-
stalled assemblies where thorough flushing is
difficult, thereby causing far more corrosion
than was originally present.

HIGHLY-STRESSED STEEL SURFACES.
Any corrosion on the surface of highly stressed
steel is potentially dangerous, and careful re-
moval of the corrosion deposits is mandatory.
surface scratches or changes in the surface
molecular structure due to overheating can
cause sudden failure. Removal of corrosion
products must be accomplished by careful proc-
essing, using mild abrasive papers such as fine
grit aluminum oxide, or fine buffing compounds
on cloth buffing wheels. It is ess..,tial that the
steel surface not be overheated buffing.
After this careful removal of surface corrosion,
protective paint finishes shouldbe reapplied im-
m ediately.
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CADMIUM PLATED SURFACES.As stated
previously, cadmium platings are still offering
sacrificial protection even when they show
mottling ranging from white to brown to black
on their surfaces. This discoloration should
never be removed for appear;?.;?ce sake alone.
Not until the characteristic color peculiar to
corrosion of the base metal appears should
steps be taken.

Corrosion present should be removed by
rubbing lightly with stainless steel wool. Under
no circumstances should a wire brush, stain-
less or otherwise, be used on cadmium plated
surfaces as these will remove more plating
than corrosion. After the corrosion has been
removed the affected area should be swabbed
with a chromic acid solution and, after 30 to 60
seconds, rinsed with clean water and dried
with clean cloths or low-pressure compressed
air. The part is then r6ady for a protective
paint coating.

Corrosion Removal From Magnesium

Magnesium corrosion reprotection involves
the maximum removal of corrosion products,
the partial restoration of surface coatings by
chemical treatment, and a reapplication of pro-
tective coatings.

After cleaning the surface and stripping the
paint, if any, as much of the corrosion products
as possible should be broken loose and re-
moved, using abrasive impregnated nylon web-
ing or glass beads with the Vacu-Blast Dry
Honing Machine. Steel wire brushes, carbor-
undum abrasives, or steel cutting tools should
not be used. After the corrosion has been re-
moved, treat the surface with Specification
MIL-C-5541, chemical treatment solution, as
outlined in the section on Chemical Surf2ce
Treatment (this chapter); then restore the pro-
tective paint film.

If extensive removal of corrosion products
from a structural casting was involved, a deci-
sion from a structural engineer may be neces-
sary in order to evaluate the adequacy of the
structural strength remaining. Structural Re-
pair Manuals for the aircraft models involved
usually include tolerance limits for dimensions
of critical structural members and should be
referred to if any ques't n of safety of flight is
involved.
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Corrosion Removal From Titanium

Titanium surfaces that show surfac.? de
terioration from the presence of salt deposits
and impurities are cleaned with Specification
P-D-680 solvent (Stoddard solvent), then any
corrosion is removed by hand using abrasive
impregnated nylon webbing and followed by final
cleaning of the surface with water emulsion
cleaner solution (1 part cleaner to 9 parts water).

1 0 3

MECHANICAL CORROSION
REMOVAL BY BLASTING

Vapor blasting, soft grit blasting, and dry
vacuum blasting are the most effective me-
chanical methods of removing corrosion with
the least removal of the metal. For use on as-
sembled aircraft, a portable unit such as the
Vacu-Blast Aero Dry Honer is the most de-
sirable.

Vacu-Blast Aero Dry Honer

The Vacu-Blast Aero Dry Honer is a port-
able self-contained, lightweigh unit utilizing
the dry vacuum return system. (Dry honing
is the only authorized blasting method of re-
moving corrosion on assembled aircraft.) With
this machine the work is more visible ar.d
metal removal can be held to cicser limits.
The machine is air operated and can be used
in shore-based or shipboard operations.

COMPONFNTS.The dry honing machine
illustrated in figure 4-15 is composed of the
following principal components mounted on a
two-wheel carriage assembly:

1. Pneumatic system.
2. Control and regulator valve and gages.
3. Abrasive hopper (storage tank).
4. Aerator and feed tee.
5. Abrasive supply and return hoses.
6. Suction bypass line.
7. Blast gun assembly.
8. Gun set attachments.
9. Air ejector pump.

10. Abrasive reclaimer.
11. Dust collector.
12. Vibration screen.
A hose rack and storage compartment are

provided on the front of the dry honing machine
for storage of hoses, brushes, and accessories.

Pneumatic System.The pneumatic system
includes a main air supply connection at which
is attached the external compressed-air supply,
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ABRASIVE
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VIBRATING
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(INSIDE)

ABRASIVE
HOPPER

(STORAGE TANK)
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MR EJECTOR
PUMP

PNEUMATIC
SYSTEM

MAIN
AIR SUPPLY
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AIR HOSE,
( TO GUN )

AERATOR
AND FEED TEE

DUST BAG
RAPPER

AM.59
Figure 4-15.Vacu-Blastdry honing machine (back view).

interconnecting tubing, an air filter with a creates the necessary vacuum to return the
drain cock for removal of liquid from the com- used abrasive from the blast gun assembly to
pressed air, and an air ejector pump that the filter bags. The dry honing machine
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operates satisfactorily on air pressures ranging
from 80 to 100 osi an, airflows ranging from 80
to 90 cfm.

Control and Regulator Valves and Gages.
The supply pressure gage indicates the com-
pressed-air supply pressure. The 150-pound
maximum variable pressure regulator is oper-
ated to adjust the air supply to the desired
pressure before entering the airhose to the
blast g u n assembly. This pressure is indicated
on the blast pressure gage adjacent to the pres-
sure regulator.

Abrasive Hopper (Storage Tank).The abra-
sive storage tank is conical in shape to effect
direction of flow of abrasive. It is removed by
release of two spring clamps. The normal
capacity of the storage tank is 5 pounds of
abrasive material.

Aerator and Feed Tee.The aerator and
feed tee located at the bottom of the storage
tank is designed to aerate the abrasive in the
storage tank and feed it to the blast hose
leading to the blast gun. The aeration is ef-
fected by mixing of air with the fine abrasive.

When the fine aurasive is aerated, debris
particles which may be mixed with the abrasive,
settle to the bottom of the storage tank. The
abrasive is then drawn through a metering
valve, from a point a short distancc above the
bottom of the tank, thus preventing recircula-
tion of the debris particles. The abrasive then
flows through the feed tee into the supply hose.

Abrasive Supply and Return Hoses.The
abrasive supply hose is a 20-foot length of
5/8-inch ID transparent plastic hose, which
permits direct observation of abrasive flow.
It is attached to the aerator and feed tee and
conveys aerated abrasive to the blast gun as-
sembly. The abrasive return hose is 20 feet
long and returns used abrasive and debris from
the blast gun assembly to the abrasive re-
claiming system.

Suction Bypass Line.The suction bypass
line is designed to remove abrasive from the
blast hose when the machine is shut off in order
to eliminate hose surging when blasting is
started again. One end of this line is connected
to the feed tee opposite the blast hose con-
nection, and the other end of the line extends
up into the storage tank. This line terminates
in the storage tank above the abrasive level,
and the open end is protected from the abrasive
by an interior baffle. When blasting stops, the
exhauster remains in operation to suck air back-
wards through the blast gun assembly, abrasive
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supply hose, feed Lee, and bypass line, conveying
any abrasive to the hose back into the storage
tank. When blasting, airflow is reversed and
the bypass line insures a balanced pressure
between the storage tank and the feed tee housing
so that abrasive will fall freely through the feed
tee into the blast hose.

Blast Gun Assembly.The blast gun as-
sembly (fig. 4-16) consists of a hand-held gun,
blast control valve, nozzle assembly, and con-
nections for air, abrasive supply, and return
hoses. The blast gun assembly draws the abra-
sive material from the abrasive supply hose,
accelerates the abrasive through the blast
nozzle, and directs it against the workpiece.
This is accomplished through the gun, which
employs an education principle whereby com-
pressed air is expended through an air jet to
create a low pressure area in the gun housing,
and by connecting the abrasive supply hose to
the gun housing at the point where this low
pressure area is created.

Gun Set Attachments.The three brushes
and an irregular surface attachment, illus-
trated in figure 4-17, are provided with the
dry honing machine, and permit blasting of
most surfaces. Additional care must be exer-
cised with the inside and outside corner brushes
to avoid the loss of abrasive. The irregular
surface attachment will conform to most ir-
regularities.

Air Ejector Pump.The air ejector pump
creates the necessary vacuum to return the
abrasive from the blast gun assembly through
the return hose to the abrasive reclaimer,
carrying the dust still farther to the cloth filter
bags in the dust collector.

Abrasive Reclaimer.The abrasive re-
claimer is mounted directly above the abrasive
storage tank and consists essentially of a cy-
clone separator into which abrasive and debris,
(from the abrasive return hose) enter. The
angle at which entry is made imparts a cy-
clonic, or circular, action to the airstream,
causing the abrasive to drop out of suspen-
sion. The conveying airstream leaves the
separator through the top, carry'...g with it
extremely fine particles of dust which are
no longer usuable as abrasive. The reclaimed
abrasive itsAf drops to the bottom of the sep-
arator and then back through a vibrating screen
section into the abrasive storage tank. Air
and dust leaving the reclaimer cyclone pass
into the cloth filter bag type dust collector
onto which the reclaimer is mounted.

0I. 0
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AR

BLAST CONTROL V,ALVE

ABRASIVE

ABRASWE
RETURN HOSE

BLAST GUN ASE.EMBLY

CUTAWAY VIEW

Figure 4-16.Blast gun assembly.
AM.6O
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Dust Collector.The dust collector con-
sists of a number of cloth filter bags so ar-
ranged that dust laden air rising from the
reclaimer cyclone is ductpd to the bottom of
the dust collector housing where it must pass
through the cloth filter bags before being dis-
charged through the exhauster. Filter bags
are periodically cleaned by a manually opet ated
bag-shaking mechanism to remove the accum-
ulated dust which drops t) the dust collector
box for disposal.

Vibratag Screen.The vibrating screen, in-
corporating a permanent magnet to remove
steel particles, is located between the re-
claimer cyclone and the abrasive storage tank.
The sL:reen is sufficiently fine to remove any
oversize foreign particles from the abrasive.
The vibrating screen is exposed for cleaning
and inspection by dropping the abrasive storage
tank. It is vibrated by an air-driven vibrator
mounted at the center of the screen on a sup-
porting frame, the amount of vibration being
preset by an orifice in the air line.

ABRASIVE.Although blasting equipment
may use many types of abrasives, only glass
beads are authorized for the removal of mild
to medium corrosion from naval aircraft.Glass
beads are manufactured of high grade optical
crown glass, soda lime type.

OPERATING PROCEDURES.The operating
procedures listed in this section are general in
nature. The dry honing machine must be used
with care, and only by a qualified operator.

NOTE: A face shield must be worn at all
times while operating the dry honing machine.

To operate the dry honor. fill the abrasive
hopper with a full charge of the correct size
abrasive material. Less than full abrasive
charges may be used for touchup work or for
dry honing either h!ghly corroded or relatively
small areas of steel. Contaminated abrasives
should be thrown away after completion of the
dry honing operation. No less than one-half
charge (2 1/2 pounds) should ever be used.

After filling the machine with the correct
abrasive, turn the regulator adjusting screw
:o the full open position, then turn on the ex-
ternal air supply valve. Set the pressure
regulator to the desired pressure by placing
the gun against a scrap piece of metal or rubber
and operating the gun. The blast pressure can
then be adjusted with the machine in operation.

Hold the blast gun firmly against the sur-
face to be dry honed and press down on the
blast control valve. Move the gun in a smooth

1 06
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BRUSH ACCESSOR I ES

FLAT SURFACE INSIDE CORNER

Figure

OUTSIDE CORNER EDGE CLEANING IRREGULAR SURFACE

4-17.Gun set attachments.

pattern of overlapping strokes, advancing ap-
proximately 3/4 inch at each pass. Dwell times
must be kept at a minimum necessary to pro-
duce complete corrosion removal.

CAUTION: Excessive dwell times could re-
sult in overheating of the material and/or ex-
cessive metal removal.

Smoothest reversal of direction at the end
of each pass is made by moving the brush in
a small circular path as shown in figure 4-18,

AM.62
Figure 4-18.Proper operation of gun.
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so that the bristles roll smoothly from one
direction to the other. To prevent loss of
abrasive, fully release the blast control valve
each time the dry honing operation is stopped
and/or before the gun is raised from the surface.

INSPECTION AND MAINTENANC E.Cer-
tain components of the dry honing machine re-
quire inspection and maintenance at calendar
or operating intervals. The two maintenance
actions listed below are usually performed by
the operator.

CAUTION: The main air supply must be
turned off before performing any maintenance
action.

Two-Hour Intervals.At the end of each 2
hours of operation, shut off the air supply to
the machine and shake down the filter bags
by swinging the &1st bag rapper down and
sharply returning it to the normal position.
Repeat this rapper actio:L for 20 quick strokes.
After shaking down filter bags, empty the
dust box.

Four-Hour Intervals.Open the drain cock at
the bottom of the air filter and drain moisture
every 4 hours, or whenever visible. Additional
maintenance and lubrication requirements are
defined in NavAir 17-513M-1.

CAUTION: Care must be taken to prevent
damage to the plastic air filter bowl. Mechani-
cal damage or contact with common solvents
will cause it to shatter when pressurized. If
necessary to clean the bowl, use only water or
a mild detergent solution.
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LIMITATIONS.The dry honing machine
described in the aforementioned sections can
cause damage to aircraft components and sys-
tems if improperly used. Small quantities of
abrasive may be expected to escape from the
blast no77',, during normal use; therefore, the
equipm. It not be used in areas or under
condition.; 41:c7.. e the abrasive may contaminate
syst.?.rns or components.

1. Do not use on engines, gear boxes, or
other oil lubricating systems.

2. Do not use on fuel, hydraulic, or oxygen
system components.

3. Mask vents of the above listed systems
when blasting near them to prevent possible
contaminat ion.

4. Use only on exterior surfaces or parts
which have been removed from the airframe to
prevent possible contamination of interior areas.

5. Do not use on airframes sz;ris or struct-
ural parts which are exposed to over 500° F in
service.

6. Do not blast Metallite or honeyconth
panels.

NOTE: Corrosion PREVENTIVE mainten-
ance is documented on a Support Action Form,
while corrosion maintenance that is considered
as TREATMENT must be documented on the
Maintenance Action Form so that a record of
extensive corrosion rework will exist and be
available for any Aircraft Logbook entries that
may be required.

CORROSION DAMAGE LIMITS

The term "corrosion damage limits" refers
to the amount of metal which may be removed
from a corroded part and still maintain the
required safe margin of strength and function.
When removing currosion, maintenance person-
nel must be very careful not to remove more of
the metal than is absolutely necessary to insure
complete removal of corrosion. Figure 4-19
illustrates the maximum corrosion depths al-
lowed on the various components of the nose
landing gear on one late model aircraft.

Damage which exceeds those limits specified
in the applicable Structural Repair Manual or
the Corrosion Control section of the applicable
Maintenance Instructions Manual necessitates
replacement of the affected part if actual struc-
tural repair of the damage is not possible or
feasible.

CHEMICAL SURFAi THEATMENT

Chemical conversicn coatings will increase
corrosion resistance and improve paint adhe-
sion. After cleaning and removal of any surface
oxides, aluminum and magnesium should be
treated with MIL-C-5541 chemical treatment.
These coatings are often damaged during air-
craft maintenance or are contaminated by
grease, oil, or other foreign matter. Therefr
the treated surface should be painted soon after
treating if best results are to be expected.

Soluble salt residues remaining on the sur-
face after treatment will accelerate corrosion
and can cause blistering of paint finishes. Thus,
complete rinsing with fresh water following the
chemical treatment is very important. Flush
the chemical with free-flowing water only. DO
NOT wipe the :."-ea with a damp cloth or brush
as this will deteriorate or remove the chemical
conversion coating, which is sensitive to abra-
sion prior to fully drying.

CAUTION: Personnel. should wear goggles,
aprons, and rubber gloves when using solutions
of MIL-C-5541.
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Chemical Conversion of
Aluminum Alloys

The procedure to be used for the chemical
conversion of aluminum alloys is as follows:

1. insure that the surface is clean.
2. Brush MIL-C-5541 solution on areas to be

treated. Repeat application of fresh solution
until a uniform irridescent yellow to brown color
is produced, then discontinue brushing and
allow the solution to remain on the metal for
about 1 minute.

3. Rinse the complete area with fresh water.
4. Allow to air dry (usually not more than 1

hour) before priming. A powdery coating in-
dicates poor rinsing or failure to keep the
surface wet during the treatment. If this occurs,
the treatment should be repeated.

NOTE: Chemical treat/1.1as conforming to
Specification M1L-C-5541 are not all the same
composition and therefore should be prepared
for use according to the particular manufac-
turer's instructions.

Chemical Conversion of
Magnesium Alloys

Procedure for the chemical conversion of
magnesium alloys is as follows:
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REF. NO. NOMENCLATURE

I OUTER CYLINDER

2 ACTUATO PTgral"
3 ACTUATOR BODY
4 TORQUE ARMS
9 WHEEL
6 FORK

7 STEERING UNIT
--7)r§f-bN

CIIROME PLATE

MAXIMUM CORROSION DEPTH
REF NO. MATERIAL MAX DEPTH

I ALUMINUM 0.015
2

3
CHR PLATED STEEL 0 003
ALUPi1N-11M 0.030

4

5
6

ALUMINUM 0.030
MAGNESIUM

---a-ArArsIstartraL
0.030

-6.010
7

8

8*

HEAT RESIVANT STEEL 0.0 10
HEAT RESISTANT STEEL 0 010
CHROME PLATED
HEAT RESISTANT STEEL 0.004

Figure 4-10.A-5 nose gearmaximum corrosion depths.
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1. Insure that the surface is clean.
2. While the surface is still wet, brush on

MIL-C-5541 chemical treatment solution. Con-
tinue application of fresh solution on the metal
until a uniform light brown color is obtained.

NOTE: The solution for magnesium is the
same as used for aluminum and is made up ac-
cording to the manufacturer's aluminum treat-
ment instructions. The solution will react much
more rapidly with magnesium than with
aluminum.

3. Rinse thoroughly as with the aluminum
treatment and allow to air dry prior to applying
protective paint finishes.

Some magnesium parts in later model air-
craft have been originally protected by a prop-
rietary (held under patent) electrolytic process.
The "HAE" process is identified by the brown
to mottled gray appearance of the unpainted
surface. "DOW 17" coatings will appear as a
green to grayish green color. These coatings
are generally thicker than those applied by
immersion or brush method such as MIL-C-
5541. The electrolytic finish cannot be restored
in the field. Therefore, when failure of thp
coating occurs, any corrosion should be removed
and the kr.re magnesium should be touched up
with MIL-C-5541 chemical treatment solution.
Care should be taken to minimize removal of the
electrriytic coatings as they afford greater pro-
tection than the replacement coatings.

AIRCRAFT AND COMPONENT
PAr IING AND PAINT TOUCHUP

The amount of paint touchup accomplished
at the Organizational and Intermediate level will
vary widely with the activity involved, the
availability of facilities, and the area of
ope rat ion.

The primary Objective of any paint finish is
the protection of exposed surfaces against de-
terioration. Tiwre are secondary reasons for
particular paint schemes; the reduction of glare
by nonspecular coatings, the use of white or
light colored high-gloss finishes to reduce heat
absorption, camouflage or high visibility re-
quirements, or special identification markings.
There I u seldom justification for repainting for
appearance sake only. A faded or stained, but
well-bonded, paint finish 11.3 bett(r than a fresh
touchup treatment inqu.)perly applied over dirt,
corrosion products, or other contaminants.

Complete refinishing, particularly under
field comlitions, should be restrkted to thotw
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areas where existing paint finishes have de-
teriorated, through age and exposure, until they
fail to perform their protective function. Re-
newal of special finishes and markings should
also be restricted to those situations where the
purpose of the special finish isnot being served.
However, maintenance and repair of paint
finishes at the Organizational and Intermediate
level is extremely important, from the evalua-
tion of initial paint finishes at the time of aircraft
receipt, through the constant surveillance and
maintenance of finishes durin; a service tour,
to the final recommendations for refinishing
requirements when the aircraft is scheduled for
Progressive Aircraft Rework at the Depot level
of maintenance.

SURFACE PREPARATION

Much of the effectiveness of any paint finish
and its adherence depends on the careful prep-
aration of the damaged surface prior to touchup.
The procedures to be used in paint and corrosion
removal have beun described previously. The
touchup paint hould overlap onto the existing
good paint finish. The touchup materials will
not adhere properly to glossy finishes. Also,
any edges of the existing film will show through
the overlap unless they are smoothed out.

To break the gloss of existing finishes and
to feather (smooth out) the edges for overlap,
scuff sand, using 300 to 400 aluminum oxide
paper. Following sanding, a w. f(q rinse is used
to remove the abrasive residues.

Next, all sanded areas and exposed bare
metal surfaces are wiped down with 1-i3UTANOL
(normal butyl alcholol).

Remove any loosened seam S eal ant s in the
area to be touched up and replace as necessary.
(See Sealants and Sealing Practices in this
chapter.) Also, reserure any loose rubber seals,
using the type adiwsive specified in the applic-
able Maintenance Instructions Manual.

The area to be painted is then outlined with
tape and masking paper as shown in figure 4-20.
This protects the adjoining surfa (TB from Over-
spray and unwanted paint buildup.

TOUCHUP PROCEDURES

In tiu past, it was necessary to identify the
upecific surface finish (paint system) applied to
an aircraft at the time of manufacture or rework.
Each surface finish (nitrocellulose laequer,
acrylic lacquer, and epoxy) required a specific
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touchup procedure that was compatible with the
present finish. Failure to properly identify the
present surface finish and apply the specific
touchup procedures, usually resulted in wasted
manhours and material.

To preclude this and more effectively control
corrosion, a standardized paint system for
Organizational and Intermediate level painting
and paint touchup has been promulgated by the
Naval Air Systems Command. This system con-
sists of an improved expoxy primer, Specifi-
cation MIL-P-23377B and an acrylic topcoat,
Specification MIL-L-81352, and is compatible
with all of the various systems presently used
in naval aircraft.

Epoxy-Polyamide Primer
(MIL-P-23377B)

The epoxy-polyamide primer is supplied as
a two-part kit, each part of which must be
stirred or shaken thoroughly before mixing. One
part contains the pigment, ground in an epoxy
vehicle, while the other part is composed of a
clear polyamide solution which functions as a
hardener for the epoxy solution. This primer is
supplied by various manufacturers. Mix only as
much primer as needed, as the storage life of
the primer is limited after mixing. CAUTION:
Do not substitute part 1 or part 2 from another
manufacturer. Established mixing ratios sup-
plied by the manufacturer must be followed,
otherwise the primer will exhibit unsatisfactory
properties, such as poor adhesion, poor chemical
resistance, or inadequately dried film.

For mixing, pour the specified amount of
part 1 into an empty container, then slowly pour
part 2 into the container, stirring constantly.
CAUTION: Always add part 2 to part 1.

To thin the primer for spraying, add 1 1/2
parts thinner, Specification MIL-T-19588, to 2
parts primer. The thinned primer should be
stirred thoroughly, strained, and allowed to
stand 1 hour prior to use. If necessary the
thinring ratio may be varied slightly to obtain
the proper spraying viscosity. The 1-hour stand-
ing time is necessary to permit the components
to enter into chemical reaction, shorten drying
time, reduce cratering, preclude part 2 from
"sweating out" or migrating, and to allow any
bubbles (formed while stirring) to escape.

To apply the primer, insure that the surface
to be primed has been cleaned, chemically
treated, and prepared for spraying as previously
described in this section. Apply a wet coat of
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REMOVE MASKING BEFORE
APPLYING TOP COAT
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,
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AM.64
Figure 4-20.Masking prior to paint touchup.

epoxy primer to 1 mil thickness and allow to dry
from 1 to 2 hours. One hour is sufficient when
temperature and humidity range is ideal.

Acrylic Lacquer Topcoat
(MIL-L-81352)

This acrylic lacquer is used as a general
purpose external coating for metal surfaces. It
is applied directly over the epoxy-polyamide
primer. It is available in all colors for touchup
and insignia marking directly over all paint
systems presently employed on naval aircraft.

To thin the acrylic lacquer topcoat for spray-
ing, mix 1 volume of lacquer withapproximately
1 1/2 volumes of thinner. The thinner used with
this lacquer is composed of equal parts by volume
of toluene and xylene. The exact thinning ratio
must be determined by the user and adjusted to
the prevailing temperature, relative humidity,
and type of spraying equipment being used.
Increasing the xylene portion promotes better
flowout and reduces dry spray but also prolongs
drying time.

After thinning the acrylic lacquer to spray-
ing viscosity, it. should be applied in two spray
coats with a 30-minute air-dry interval between
coats. The total dry film thickness of the acrylic
topcoat should be 0.8 to 1.2 mils.

1 I.
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To apply insignia and/or squadron markings
over the acrylic topcoat, begin masking after
the coating has dried tack. free. Apply the tape
with a minimum of press.re to avoid marking
and possible damage to the topcoat. The insignia
and/or markings are then applied directly over
the topcoat, NO1E: Do not use epoxy primer
when repainting or doing touchup work over
Specification MIL-I -81352 acrylic lacquer
topcoat.

When painting insignia and/or squadron
markings over all other paint systems, use the
epoxy primer and then overcoat with the acrylic
lacquer.

CAUTION: The materials used for painting
and paint touchup are toxic and flammable.
Precautions must be taken to assure respiratory
(face mask) and eye protection for personnel
engaged in mixing and spraying paint and/or
primers. Gloves and af rons should also be used
to prevent skin contact. The mixing and appli-
cation of paints and primers should be done in
well-ventilated spaces only.

Paint touchup in the field is a difficult task.
Table 4-2 lists some of the problems encoun-
tered during paint application, the most probable
cause, and methods for correction.

Enamel Finishes

Most enamel finishes used on aircraft sur-
faces are baked finishes that cannot be touched
up with the same materials in the field.

Minor damage to conventional enamel fin-
ishes ordinarily used on engine housings is
repaired by touching up with epoxy topcoat
material or air-drying enamel.

SEALANTS AND SEALING
PRACTICES

Sealants are used to prevent the movement
of liquid or gas from one point to another. They
are used in an aircraft to maintain pressuriza-
tion in cabin areas, to retain fuel in storage
areas, to achieve exterior surface aerodynamic
smoothness, and to weatherproof the airframe.

Sealants are used in general repair work in
the field and for maintenance and restoration of
seam integrity in critical areas if structural
riamage or the use of paint removers has
loosened existing sealants.

Conditions surrounding the requirements for
use of sealants govern the type of sealants to be
used. Some sealants are exposed to extremely
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high and/or low temperatures. Other sealants
are in contact with fuel.,, lubricants, etc. The.. e-
fore, it is necessary that sealants be used which
have beeen compounded for that particular type
of usage. These sealants are supplied in differ-
ent consistencies and rates of cure. The basic
types of sealants are classified in three general
categoriesPliable Sealants, Drying Sealants,
and Curing Sealants.

PLIABLE SEALANTS

These sealants are referred to as one-part
and are supplied ready for use as packaged.
They are solids and change little, if any, during
or after application. Solvent is not used in this
type. Therefore, drying is not necessary; and
except for normal aging, they remain virtually
ta,e same as when first packaged, neither har-
dening nor shrinking. The adhesion to metal,
glass, and plastic surfaces is excellent. Pliable
sealai,ts are used around high-usage access
panels and doors, and in areas where pressuri-
zation cavities must be maintained.
DRYING SEALANTS

Drying sealants set and cure by evaporation
OL th^ solwmt. Solvents are i'sed in hese seal-
ants to provide the desired consistency for
appl kat on. Consistency or hardness may change
little or much when this type sealant dries,
depending ur. the amount of solvent it contains.
Shrinkage upon dry:ng is another important
consideration, and the degree of shrinkage is
dependent upon the proportion of solvents.

CURING SEALANTS

Catalyst-cured sealants have obvious advan-
tages over drying sealants because they are
transformed from a fluid or semifluid state
into a solid mass by chemical reaction or physi-
cal change, rather than by evaporation of a
solvent. A chemical catalyst or "accelerator"
is added and thoroughly mixed just prior to
sealant applications. Heat may or may not be
employed to speed up the curing process. When
using a catalyst, accurate proportioning and
thorough mixing of the two components are
vitally important to assure a complete and even
cure.

APPLICATION OF SEALANTS

Application of sealants varies according to
time elements, tools required, nd the method
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Table 4-2.Acrylic topcoat application, possible defects and methods for correction.

Problem

Webbing.

Dry ,oray.

Orangepeel or poor flowout.

Slow drying.

Bleeding through or lifting
of primer.

Cause/Correction

1. Insufficient thinning.

1. Insufficient thinning.
2. Increase the proportion of the slower

evaporating xylene in the xylene-toluene
mixture.

1. Insufficient thinning.
`2. Increase the proportion of the slower

evaporating xylene in the xylene-toluene
mixture.

3. Poor spray technique.

1. Increase the proportion of faster
evaporating toluene in the xylene-toluene
blend.

" Allow epoxy primer to dry longer.
2 P'irst coat of lacquer topcoat was applied

too wet (first coat can also be misted on).
Too rich solvents used to reduce lacquer

topcoat; decrease proportion of thinner.

of application. However, the following restric-
tions apply to all sealant applicants:

1. Sealant should be used within the approxi-
mate application time limits specified by the
sealant manufacturer.

2. Sealant should not be applied to metal
which is colder than 70° F. Better adhesion
is obtained and the applied sealant will have
less tendency to flow out of place while curing
if the metal is warmed to a temperature of 90°
to 100° F before the sealant is applied.

3. Sealant should be discarded immediately
when it becomes too stiff to apply or work
readily. Stiff or partially cured sealant will not
wet the surface to which it is to be applied as
well as fresh material and, consequently, will
not have satisfactory adhesion.

4. Sealant should not be used for fayingsur-
face applications unless it has Just been removed
from refrigerated storage or freshly mixed.

When pressure sealing an aircraft, the seal-
ing materials should be applied in such a man-

ner as to produce a continuous bead, film, or
fillet over the sealed area. Air bubbles, voids,
metal chips, or oily contamination will prevent
an effective seal. Therefore, the success of the
sealing operation depends upon the cleanliness of
the area and the careful application of the seal-
ant materials.

There are various methods of pressure
sealing joints and seams in aircriift. The ap-
plicable Structural Repair Manual will specify
the method to be used in each application.

The sealing of a faying surface is accomp-
lished by brush coating the contacting surfaces
with the specified sealant. The application of
the sealant should be made immediately before
fastening the parts together.

Careful planning and arrangement of work
and equipment are necessary in order that fay-
ing surface seals on large assemblies may be
closed within the application time limit of the
sealant. Once the sealant has been applied, the
parts must be joined, the required number of
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bolts must be torqued, and all the rivets driven
within this time limit.

When insulating tape has been installed be-
tween the faying surfaces to prevent dissimilar
metals contacts, pressure sealing should be
accomplished by fillet sealing..

Fillet sealing is accomplished by spreading
the specified sealant along the seam with a seal-
ant injection gun. The sealant should be spread
in approximately 3-foot increments. Before pro-
ceeding to the next increment, the applied portion
of the fillet should be worked in with a sealant
spatula or tool. (See fig. 4-21.) This working of
the sealant Ls done to fill Wall voids in the seam
and to eliminate as many alr bubbles as possible.
The leak-free service life of the sealant Ls
determined by the thoroughness and care used
in working out the air bubbles.

After the sealant has cured to a tack-free
condition, the fillet should be inspected for any
remaining air bubbles. Such air bubbles should
be opened up and filled with sealant.

When a heavy fillet is required lt should be
applied in layers and the top layer should fair
with the metal.

Injection sealing is the pressure filling of
openings or voids with a sealant injection gun.
Joggles should be tilled by forcing sealant into
the opening until it emerges from the opposite
side. Voids and cavities are filled by starting
with the nozzle of the sealant injection gun at
the bottom of the space and filling as th e. nozzle
is withdrawn.

Fasteners such as rivets, Rivnuts, screws,
and small bolts should have a brush coat of
sealant over the protruding portion on the pres-
sure side. Washers should have a brush coat of
sealant on both sides. Split type grommets
should have sealant brushed into the split prior
to installation. After installation, fillets should
be applied to both the base of the grommet and
the protruding tube on the pressure side.

Temperatue Resistant Sealing
Compound (MIL-S-8802)

Sealant conforming to Specification MIL-S-
8802 is the most widely recommended sealant
for sealing aircraft depressions, gaps, seams,
and laying surfaces of high performance air-
craft. It Ls a synthetic base sealant with a
separate catalyst. It should be mixed in accord-
ance with the manufacturer's instructions. The
viscosity and working time Ls affected by temper-
ature and humidity. Higher temperaturec and

NON-METALLIC SPATULA

`- MASKING
TAPE

AM.65
Figure 4-21.Applylng sealant.

humidity increase the viscosity and decrease
the working time for application. Through ex-
perience it will be learned how much should be
mixed for use in the time before it becomes
unworkable.

Treated and cleaned areas that require seal-
ing should not be contaminated with hands, tools,
or other foreign objects. The sealant Ls applied
between tape and worked into the recess as
shown in figure 4-21. Smoothing of the sealant
will be easier if the spatula Ls dipped in water
prior to use. The tape should be removed im-
mediately after the sealant has been applied and
before it begins to set. The sealant may be
overpainted immediately after removal of the
tape.

SAFETY PRECUATIONS

Many of the sealants listed above may be
flammable and/or may produce toxic vapors.
When using any material designated as flam-
mable, all sources of ignition must be at least
50 feet away from the location of the work.
Toxic vapors are produced by the evaporation
of solvents and/or the chemical reaction taking
place in the curingsealants. When using sealants
in confined spaces such as fuel cells, fuselage
or wing sections, table or bench operations,
etc., adequate local exhaust ventilation must be
used to reduce the vapors below the maximum
allowable concentration, and kept at that level
until repairs have been completed. Do not eat
or smoke when working with sealants.
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CHAPTER 5

PRESSURIZATION AND AIR-CONDITIONING SYSTEMS

Transferring a human being from his natural
environment on the earth's surface to the envi-
ronment existing at 40,000 feet places him in
surroundings in which he cannot survive without
artificial aids. Even at half that altitude breath-
ing becomes very rapid; and above 25,000 feet
unconsciousness occurs, quickly followed by
death. A brief study of the earth's atmosphere
tells us why this condition exists.

STRUCTURE OF THE ATMOSPHERE

The envelope of atmosphere surrounding the
earth is a gaseous mixture consisting chiefly
of nitrogen and oxygen. There are traces of other
gases, but they have no significance as far as
body functions are concerned. Chemical anal-
ysis has shown that the proportions of nitrogen
and oxygen are constant throughout the thick-
ness of the a'mosphere, up through 200,000 feet
or more.

ATMC": PRESSURE

chemical content of the atmos-
phere rei fairly constant, the density (mass
per unit voiume) of the atmosphere varies with
the altitude. At 18,000 feet the density is about
one-half of the density at sea level, and at 36,000
feet it is only about one-fourth of the density at
sea level. The atmospheric pressure also varies
with the altitude. The pressure exerted by the
atmosphere may be compared to the pressure
of a column of water. If holes are made in the
container of the column, the force with which
the water spurts out of the upper holes will be
considerably less than that at the bottom of the
column. Similarly, the pressure exerted by the
atmosphere is much greater near the surface of
the earth than it is at high altitudes. For example,
the pressure of the atmosphere at sea level is

14.7 psi, while the pressure at 40,000feet above
sea level is 2.72 psi and at 60,000 feet is 1 psi.

As an aircraft ascends to higher altitude, the
resulting decrease in atmospheric pressure may
affect flight personnel in several ways. The
most noticeable effect is in breathing.

Breathing is a mechanical process that de-
pends entirely on atmospheric pressure. When
a person inhales, he automatically raises his
ribs and depresses his diaphragm so that the
chest cavity is enlarged. This reduces the air
pressure within the cavity below that of the
atmosphere outside. Air is thus pushed into the
lungs. When he exhales, he reduces the chest
cavity, increasing the pressure within it. This
pushes the air out of the lungs.

When low atmospheric pressures are encoun-
tered, the lungs are not filled so completely when
inhaling. With lower density, a person gets fewer
molecules of air in each breath. If he gets fewer
molecules of air in each breath, he also gets
fewer molecules of oxygen, and no person can
live unless he gets a sufficient amount of oxygen.

This problem may be solved up to certain
altitudes by the proper use of oxygen equipment;
however, at extremely high altitudes (above
35,000 feet), the atmospheric pressure is so
low that the pressure of the blood and other
liquids in the body are no longer balanced. The
human body then tends to burst. In some cases,
blood vessels near the surface may be ruptured,
causing hemorrhages in the ears, eyes, and
breathing passages.

The outside air temperature also changes
with altitude. For example, at approximately
18,000 feet the outside air temperature will be
-4 ° F (-20° C), and at approximately 37,000
feet the outside air temperature will be -67°F
(-55° C). Above 37,000 feet the air continues
to thin, but the air temperature will remain
constant for several miles and then begin to rise
slowly. Thus, the lowest outside air temperature
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to be encountered by an aircraft would occur at
a height of about 7 miles.

NOTE: The conversion formula for convert-
ing Fahrenheit to Celsius (centigrade) is 8 (F-32)

For example, -4° F is converted thusly:
5 5b- (-4 - 32) = -6- of -36 = -20° C

Conversion of a Celsius temperature to a Fah-
renheit reading is accomplished using the follow-
ing formula:

9 C + 32
5

For example -55° C is converted thusly:

9 - 5 5 + 32 = -99 + 32 = -67° F

Remember not to drop the + and - signs when
converting.

These variations in outside air temperature
and atmospheric pressure must be considered by
the aircraft manufacturer when designing the
airc raft.
ATMOSPHERIC CONSIDERATIONS

Pressurization
With operational ceilings now in excess of

50,000 feet, flight personnel, and in some cases
aircraft components, must be supplied with an
artificial means of maintaining a reasonable
pressure around the entire body and/or equip-
ment. This is done by sealing off the entire ca-
bin/cockpit and any equipment area that may
require pressurization and maintaining an inside
air pressure equivalent to that at substantially
lower altitudes. This is known as the pressurized
cabin, cockpit, or compartment, as applicable.

Air Conditioning

In addition to pressurizing, the cabin or cock-
pit and some compartments must also be air
conditioned if the aircraft Is to fly at high speeds.
This requirement is partly due to the difference
in temperatures at various altitudes and also
aerodynamic heating. For example, an aircraft
flying at supersonic speeds at an altitude of
35,000 feet may generate a temperature on
skin of 200° F, and twice that temperature ,t
altitudes near sea level.
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In addition to aerodynamic heating, other
factors affecting cabin/cockpit temperatures are
engine heat, heat from the sunrays (solar heat),
heat from the electrical units, and heat from
the body. Through research and tests, it has
been determined that the average total tempera-
ture of these five heat sources will raise the
cabin/cockpit temperature to approximately
190° F. Through experiments it has been de-
termined that the maximum temperature that
a man can withstand and maintain efficiency for
extended periods is 80° F; therefore, air con-
ditioning of the cabin/cockpit area is just as
essential as pressurization. Furthermore, under
low-speed operating conditions at low tempera-
ture, cabin/cockpit heating may be required.

The proper operation of much of the present
day aircraft's electronic equipment is also de-
pendent on maintaining a reasonable operating
temperature that will prolong the life of various
components. In most cases equipment cooling
is provided by teeing off with ducting from the
cabin/cockpit system. On other aircraft a sepa-
rate cooling system may be utilized primarily
for equipment cooling. Due to the similarity
of most electronic equipment cooling components
(air cycle type), only the cabin/cockpit cooling
components are discussed in this section. An
example of a liquid cooling system for electronic
equipment cooling is provided in chapter 6.

BASIC PRESSURIZATION AND
AIRCONDITIONING

SYSTEM REQUIREMENTS

This combined pressurizing and air condi-
tioning of the cabin is the function of the aircraft
pressurization and air-conditioning system,
a system now incorporated on all high-speed,
high-altitude aircraft. The inspection and main-
tenance of this system is one of the important
duties of the AME. A careful study of this
chapter will aid in a better understanding of the
operation, inspection, and maintenance of any
such system encountered.

BASIC SYSTEM REQUIREMENTS

There are five requirements necessary for the
successful functioning of a pressurization and
air-conditioning system. They are as follows:

1. The cabin must be designed to withstand
the necessary pressure differential, This is
primarily an airframe engineering and manu-
facturing problem.
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2. An adequate supply of compressed air,
This is provided by either a compressor (super-
charger) or Lir from the compressor section ot
the jet engine. A compressor or supercharger
is used on a ftc raft having reciprocating engines.
On all jet aircraft, the air is taken from the
compressor section of the jet engine. This is
generally referred to as bleed air.

3. A means of controlling the cabin pressure.
This is provided by the cabin pressure regulator
which regulates the outflow of air from the cabin.

4. A means of limiting the maximum n:es-
sure differential to which the cabin waii. will
be subjected. This is provided for by the cabin
safety valve.

5.. A means of conditioning the compressed
air before it enters the cabin. This is provided
for by an a ftcraft refrigeration unit.

In adffition to the above-mentioned major
components, various valves, controls, and other
allied units are necessary to complete an air-
craft pressurization and air-conditioning sys-
tem. The design, construction, and use of certain
components may vary somewhat with different
minufacturers; however, the systems :)n all jet
type aircraft operate on the same principle.

TYPICAL PRESSURIZATION
AND AIR CYCLE

AIR-CONDITIONING SYSTEM

The envir(mmental control system of most
aircraft include cabin air conditioning and pres-
surization, equipment cooling, defogging, wind-
shield washing and rain removal, and equipment
pressurization subsystems.

Coverage in this section is limited to cabin
and equipment pressurrzation and air condition-
ing with tiw remaining subsystems being cov-
ered later in this manual as utility type sys-
tems.

DESCRIPTION AND OPERATION

Figure 5-1 is a schematic diagram of a
pressurization and air cycle air-conditioning
system. The exact details Of this system are
peculiar to only one model of aftcraft, but the
general concept is similar to the majority of
naval aircraft.

As shown in the diagram, the system is
supplied by bleed air from the compressor
section of either or both engines. The maximum
temperature of this bleed air as it comes off
the engine is approximately 800" F, and the

maximum pressure is 250 psi. Expansion joints
(bellows) in the system ducting allow the duct-
ing to expand or colitract with various tempera-
ture changes.

The two engine bleed-air check valves, in-
stalled in the bleed-air line from each engine,
prevent bleed air from flowing from one engine
to the othez when one engine is not operating.
They are spring-loaded, flapper type check
valves.

The bleed-air shutoff valve, which is con-
trolled by the AIR COND MASTER switch, shuts
off the supply of bleed aft to the main heat
exchanger.

The air cycle refrigeration unit consists of
the main and auxiliary heat exchangers, a cool-
ing turbine and a fan which are mounted on a
common shaft, and a mass flow control valve.
Bleed air passes through both heat exchangers.
Ram air enters through an air scoop, 1-cated on
the right wing fillet; circulates around the fins of
the heat exchangers, extracting heat from the
bleed aft; and is routed overboard. Part of the
cooled bleed air exiting from the main heat ex-
changer is used for defogging; part is sent
through the flow-regulating mass flow control
valve to drive the cooling turbine. The bleed air
in driving the cooling turbine is further cooled.
The turbine, because of the common shaft ar-
rangement, drives the fan, which aids the intake
of ram air.

Part of the cold bleed air discharging from
the air cycle refrigeration unit turbine is passed
through the water separator. The water sepa-
rator removes 80 to 90 percent of the moisture
from the airstream and thus provides humidity
control for air going to the cabin, ventilation
suits, and electronic equipment, all of which are
susceptible to damage by excessive humidity.
The water separator is used to its full capacity
to dry air being sent to all of these areas except
the cabin. Since so high a degree of dehumidifi-
cation is not required for the cabin air, a bypass
is provided around the separator, so that cold
air supplied to the cabin is a mixture of turbine
discharge and water separator discharge air.

Under certain conditions, cooling turbine
discharge air could drop below freezing. If con-
densation were allowed to occur, it would im-
mediately become ice, which could quickly clog
the separator and cause a reduction of cold-air
flow from the separator. To prevent this, a
screen is installed across the turbine discharge
outlet. All discharge air must pass through this
screen, arid moisture will freeze on the screen
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when the temperature of turbine outlet air drops
below the freezing level. The formation of ice on
the screen causes a back pressure, and the tem-
perature of f'9 air will increase accordingly.
Thus the screen automatically maintains the
turbine discharge temperature at 32°F or at the
dewpoint temperature when dewpoint is below
freezing.

The cooled air that is sent to the various
areas and conlrqnents through the aircraft is
mixed with c(ditr)lled quantities of hot engine
bleed air by ,f,rrocontrollPd valves in each
bleed-air line. These valves operate in resp(Jnse
to temperature signals sensed by temperaturo
sensors located at critical points throu:hn Ito
conditioned airflows. The two temperatuf, con-
trollers, defog and equipment cooling teilwcra-
ture controller and cabin and ventilation suit
temperature controller, provide for automatic
temperature control of the conditioned air. High
limit temperature switches automatically close
the valves in the bleed-air lines when the con-
ditioned air temperature reaches unsafe upper
limits.

The mass flow controller regulates the mass
flow control valve and subsequently controls the
airflow from the cooling turbine. The mass flow
control valve aids the dual temperature control
v,;!7e, which is located further downstream after
th.c. water separator, to control cabin tempera-
ture. Operation of this component is discussed
1,tter.

Cabin air conditioning is controlled automa-
tically or manually by manipulation of the
switches and the thumbwheel control variable
resistor located on the air-conditioning master
control panel.

In the automatic mode of operation, the air-
conditioning master switch is positioned at
NORM, the COCKPIT switch ON, and the MAN/
RAM AIR switch at AUTO. The cabin tempera-
ture desired is manually selected by adjusting
the AUTO TEMP CONT thumbwheel. Tempera-
ture will be maintained within a range of 55° to
85° F. Temperature sensors in the cabin and
cabin air duct transmit temperature signals
through the cabin and vent suit temperature con-
troller to the dual temperature control valve.

The sensors, one in the cabin and one in the
ducting, sense actual cockpit temperature and
the duct temperature of incoming conditioned
air. The sensors thus provide the correct error
signal through the controller to the dual tempera-
ture control valve and open and close the hot and
cold line valves to provide automatically regu-

lated temperature. If the cabin air supply duct
temperature exceeds 280° F, it is detected by
the cabin duct dual temperature sensor, which
causes the cabin duct thermal switch to close.
The switch closing causes the dual temperature
control valve to cycle to the full cold position.
The system will be returned to automatic con-
trol when the temperature is reduced to lesfs
than 280° F.

Manual control is accomplished by means of
the MAN/RAM AIR switch. Moving this switch
from the HOLD position to HOT or COLD con-
trols the flow of conditioned air to the cockpit
by altering the position of the dual temperature
control valve. Positioning of the switch at HOT
or COLD is momentary and the cooling-air flow
will increase or decrease only as long as the
switch is held in position. When released, it
returns to the HOLD position and the dual tem-
perature control valve will remain in the selected
pos it ion.

Ram-air cooling/ventilatim is selected by po-
sitioning the COCKPIT switch at RAM AIR. This
closes the cabin bleed-air shutoff valve and cy-
cles the dual temperature control valve to the full
hot position, effectively shutting off all flow of
conditioned air to the cockpit compartment. Posi-
tioning of the MAN/RAM AIR switch momentarily
to HOT or COLD with the cockpit switch at the
RAM AIR position opens or closes the cabin ram-
air valve to inc rease or decrease the flow of ram
air into the cockpit.

The air used to cool or heat the cockpit enters
at sufficient pressure to provide cockpit pres-
surization. Automatic cockpit pressurization
begins at 8,000 feet (barometric altitude). As
the aircraft climbs, the cabin pressure regula-
tor maintains the cockpit pressure at the 8,000-
foot pressure level until a pressure differential
of 5 psi between cockpit pressure and ambient
pressure is reached. Thereafter, a constant dif-
ferential of 5 psi is maintained. If the cabin pres-
sure regulator should fail, the cabin safety valve
automatically limits the differential pressure to
5.5 psi. The CABIN DU/vIP switch, which is lo-
cated on a separate control panel in the cockpit,
permits either crewmember to manually dump
cabin pressure. This switch operates the cabin
dump valve, which dumps cabin pressure through
the cabin safety valve.
Equipment Cooling Subsystem

The equipment cooling subsystem, which
branches off from the pressurization and air-
conditioning system and is illustrated in figure
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5-2, provides cooling for the aircraft's elec-
tronic equipment. Cooling is accomplished by
means of ducting ram air to the right forward
(shoulder) and aft electronic equipment com-
partments; by means of moist, cooled bleed air
ducted to these same compartments; by means
of pressure regulated, temperature controlled
bleed air ducted directly to the chassis of the
aircraft's ballistics computer set and transmit-
ter modulator; and by means of exhaust air from
the computer and the cabin ducted to the chassis
of electronic equipment located in the nosewheel
well and nose compartment of the aircraft.

Equipment cooling system operation is com-
pletely automatic when either or both engines
are running and the AIR COND MASTER switch
is at NORM.

Ram air is the primary means of ventilatio:.
for the forward and aft equipment compartments.
When the aircraft is in flight, the equipment
cooling valve is closed and the forward and aft
electronic equipment compartment ramair
valves are opei,Pel, causing these two compart-
ments to be ram air ventted. If the ambient
air temperature becomeL; excessi,fe (above 136°
F), the equipment coolir ; valve will open and the
ram-air valves will clr,e. This permits moist,
cooled bleed air to flow fnto these compartments
and insure adequate coing levels to prevent
damage to equipment.

On the later model A-6's, cooled bleed air
from the cooling turbine passes through a sepa-
rate equipment cooling water separator, where
80 to 90 percent of its moisture is removed.
This air then passes through a pressure regula-
tor and on to the ballistics computer set. Cooling
air to the communications navigation and inter-
rogation (CM) equipment is supplied from the
cabin water separator and is notpressure regu-
lated.

The temperature of the cooled bleed air sent
to the ballistics computer set and the trans-
mitter modulator is automatically regulated by
the computer temperature control valve, which
controls the mixing of hot and cooled bleed air
in response to signals sent from computer tem-
perature sensors through the equipment cooling
temperature range control box and the defog
and equipment cooling controller.

When the computer and the track radar are
turned off, bleed air to the computer LE main-
tained at 90° F. If the aircraft is below 21,000
feet altitude and the computer and/or track
radar is turned on, the cooling temperature is
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maintained at 65° F. Above 21,000 feet altitude,
the cooling-air temperature is maintained at 40°
F.

An overheat safety feature is provided in the
computer temperature control valve circuit. If
computer duct temperature exceeds 150° E, a
thermal switch opens, deenergizing the circuit
to the temperature cont--)i valve, which closes
by internal spring actio.1 action prevents
hot bleed air from flowing a. allows uncontrolled
cooled bleed air to he ducted to the computer.
A caution light on L.e cockpit annunciator cau-
tion light panel indicates to the pilot t'..a.t an
overheat condition exists when duct temperature
exceeds 150° F. If the duct temperature drops
below 150° F, the caution light will go out. Mo-
mentariiy placing the CMPTR EMER COOL
(computer emergency cooling) switch (fig. 5-1)
to the RESET position energizes the circuit be-
tween the electrical components and the tem-
perature control valve which opens, and automa-
tic temperature control is resumed.

If the computer overheat caution light should
cycle on and off, indicating a constant overheat
situation, the computer temperature control
valve can be permanently closed during the re-
mainder of the flight by placing the CMPTR
EMER COOL switch to the ON position. This
again allows uncontrolled cooled bleed air to be
ducted to the ballistics computer.

Since the inertial platform, located in the
nosewheel well compartment, and the electronic
equipment, located in the nose compartment,
do not need to be held at a fixed temperature,
exhaust air from the cabin and the ballistics
computer is used to cool this equipment. The
exhaust air from these units passes into the nose
compartment, then into the nosewheel well com-
partment and is dumped overboard.

The sonic venturis, located in the computer
outlet ducts and the transmitter modulator inlet
duct, limit the flow of cooling air through these
units,

Equipment Pressurization

Some high-voltage avionics equipment must
be pressurized during operation at high altitudes
to prevent arc-over. This is caused by the re-
duced dielectric (capable of sustaining an elec-
trical field) strength of the air as it becomes
less dense. The equipment pressurization sys-
tem up to the point where it connei t:; tr, the elec-
tronic equipment is the respow3ibiLty of the
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AME. Components or plumbing directly asso-
ciated with or an integral part of the electronic
equipment are the responsibility of the avionics
rating (AQ, AT, etc.) that maintains the specific
equipment involved.

Figure 5-3 illustrates the equipment pres-
surization subsystem associated with the air-

conditioning and pressurization system dis-
cussed previously and illustrated in figure 5-1.
Air for the equipment pressurization subsystem
is partially cooled air taken from the auxiliary
section of the ram-air heat exchanger.

The air first passes through a check valve
which prevents reverse flow and isolates the
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Figure 5-3.Equipment pressurization s 11,
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equipment pressurization system when an ex-
ternal air supply is being used during ground
functional tests. Air pressure is controlled b:
a 30-psi and a 21-psi regulator, each controll-
ing pressure to specific equipment. The 30-psi

regulator maintains an outlet pressure of 28-32

psi by means of its spring-loaded diaphragm.
When pressure reaches the upper limits, the
diaphragm moves upward, shutting off the inlet
port.

The air used for equipment pressurization
must be dry. This is accomplished by using a
chemical dehydrator in the line downstream from
the 30-psi regulator. The dehydrator uses a
molecular sieve desiccant to remove the mois-
ture. A small quantity of silica gel crystals is
installed in the dehydrator behind a glass window
to provide a visual indication of the dehydrator
condition. When the crystals lose their normally
deep blue color and change to light blue, the
dehydrator must be removed and reactivated.
The color change of the crystals is a gradual
process and normally starts at the bottom area
of the window and gradually spreads over the
entire window area. Any variation in the uni-
formity of the deep blue color is sufficient cause
for removal and reactivation of the dehydrator.

NOTE: Reactivation is accomplished by uti-
lizing special support equipment that allows up
to 8 dehydrators to be reactivated at one time.
Air at approximately 4000 F is allowed to flow
through the dehydrators under sealed conditions
which remove all moisture and return the crys-
tals to their deep blue color. Reactivation gen-
erally requires about 3 hours.

Air leaving the dehydrator divides into two
branches. Air going to the junction box, scanner,
transmitter modulator, and the connecting wave-
guide passes through the 21-psi regulator which
maintains an outlet pressure of 21 ± 2 psi.

NOTE: .' waveguide is basically defined as
a metal tube or cylinder which transmits elec-
tromagnetic waves through its own interior. It
guides the direction of such waves and may be
filled with aft or gas, or evacuated.

The check valve located downstream of the
21-psi regulator prevents pressure loss by re-
verse flow through the components.

Gage fittings are histalled in the system to
provide for ground testing of the two regulators.
The ground test fitting upstream of the 30-psi

regulator is provided for applying an exte:.,
air supply.

The waveguide pressure switch located down-
stream of the 21-psi regulator warns of under-

pressurization of the waveguide and consequent
system malfunction. An underpressure condition
causes the switch to place the waveguide in a
standby (no transmit and receive) condition,
thereby preventing avionics system damage.

A description of some of the principal com-
ponents in a typical system is provided in the
following section.

COMPONENTS

Ducting

In most pressurization and air-conditioning
installations, two types of ducting are used.
High-pressure (stainless steel/titanium) ducting
is used from the engine compressor to the re-
frigeration unit. The remainder is generally
low-pressure (aluminum alloy) ducting. Low-
pressure ducting is also used in the ram-air
lines.

Since bleed-air temperatures may reach as
high as 800° F, high-pressure ducting is gen-
erally insulated, as shown in figure 5-4. Ex-
pansion bellows are also usually incorporated
to take care of expansion and contraction of the
ducting due to temperature changes.

A check valve is incorporated in this section
of the ducting to prevent sudden depressuriza-
tion of the cockpit should a flame out occur.
Figure 5-4 illustrates the correct method of
installing one type of check valve.

Low-pressure ducting is rarely subjected to
pressures greater than 12 psi; however, in some
systems a relief valve, set to relieve at 8 to 10
psi, is incorporated.

High-pressure ducting may also be equipped
with a relief valve or pressure limiter to con-
trol the pressure of air going to the heat ex-
changer and turbine.

Both low- and high-pressure ducting equipped
with flanges utilize some sort of spacer or seal
in mating the flanges to each other or to com-
ponents. Always install the type of seal or spacer
specifically called for in the applicable illus-
trated parts breakdown. The removal and in-
stallation procedures in the applicable Mainten-
ance Instructions Manual will also normally
list the correct part numbers of consumable
items, such as seals and spacers, required in
completing a specific maintenance procedure.
The seals on the high-pressure connections are
generally made of metal (copper or aluminum)
to withstand the high temperature of the bleed
air. Low-pressure connections generally utilize
0-rings.
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Shutoff Valves

AVIATION STRUCTURAL MECHANIC E 3 & 2

Shutoff valves are installed in both the bleed-
lir ducting and the ram-air ducting. In some in-
stallations the two valves operate together, being
powered by a common motor and actuator. Figure
5-5 illustrates a dual arrangement shutoff valve.

In this arrangement, when the pilot selects ram
air, the ram-air section of 'he valve opens and
the bleed-air section closes. When conditioned
air is selected, the bleed-air section opens and
the ram-air section closes. This type of shutoff
valve is generally referrA to as a dual-air
valve.

"Ur POSITION ON
VALVE MUST BE UP

VIEW LOOKING FORWARD AT
CHECK VALVE CHECK

VALVE

BELLOWS

CHECK VALVE INSPECTION

CLAMP

MOUNTING

BRACKET

DUCT INSTALLATION
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A

Figure 5-4.High-pressure
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The valves are made of corrosion resistant
steel castings and welded or riveted fabrica-
tions to withstand the high bleed-air tempera-
tures encountered.

The cabin bleed-air valve in the system
illustrated in figure 5-1 provides an example
of a piston type shutoff valve. (See fig. 5-6.)
This valve has 1-inch inlet and outlet ports and
is a pneumatically operated, solenoid controlled
in-line poppet valve. It controls the flow of hot
engine bleed air to the dual temperature control
valve. The shutoff valve operates in conjunction
with the dual-air temperature control valve to
shut off cabin air conditioning when the COCKPIT
switch (fig. 5-1) is placed at either OFF or RAM
AIR.

When the solenoid is energized, the plunger
is pulled up, compressing the plunger spring
and removing tension from the ball check. The
ball is forced into its upper seat by bleed air.
The vent from the downstream side of the
piston to ambient is sealed, allowing bleed-air
pressure to be routed to the backside of the
piston. As the combined bleed-air pressure and
spring pressure against the piston overtakes the
inlet bleed-air pressure, the valve closes.

When the solenoid is deenergized, the plunger
spring forces the plunger down, pressing the ball
check onto its lower seat. Bleed air to the
backside of the piston is blocked and the backside
of the piston is again vented to ambient. When
the pressure on the backside of the piston has
dropped sufficiently, bleed-air forces the piston
back against its spring pressure, opening the
valve.

The bleed-air shutoff valves are normally
designed with some type of heat shielding between
the hot air portion and the electrical portion of
the valve to protect the electrical components
from the high bleed-air temperatures.

Temperature Control Valves

The temperature control valve is a dual type
valve similar to the shutoff valve illustrated in
figure 5-5. It is an important component in any
air-conditioning system. Its function is to mix
hot engine bleed air with cooled bleed air for
cabin air conditioning.

There are two methods by which the tem-
perature control valve receives its information.
One method is through the temperature sensors
located in the cockpit and in the ducts leading to
the cockpit. These thermistors (thermal re-
sistors) change values with temperature
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changes, thus changing the signal values being
sent to the temperature controllers within the
system. The controllers constantly reposition
the valve to maintain the desired cabin tempera-
ture. This method is fully automatic; and once
the desired temperature is selected by the pilot,
the temperature control valve will be modulated
to maintain this condition.

The other method of temperature control is
by manual selection. With this method, the pilot
actuates the valve manually, through remote
controls, to the position he desires.

In some installations, the temperature con-
trol valve may be identifiedby some other name;
for example, mixing valve, bypass valve, modu-
lating valve, or proportioning valve. All of these
perform basically the same function andoperate
on a similar principle. Almost all temperature
control valves and shutoff valves have position
indicators that indicate the relative position of
the valve and allow the maintenance man to
observe that the valve position corresponds with
the actual control settings selected.

Refrigeration Units

Cooling of the hot bleed air is accomplished
by a refrigeration unit composed of a main and
an auxiliary (air-to-air) heat exchanger, amass
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AM.1132
Figure 5-6.Cabin bleed-air shutoff valve.
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flow control valve, and an air expansion tur-
bine. Cooling of the air may therefore be called a
two-phase process.

The first phase of temperature reduction
takes place as the hot bleed air fr 7ses thrxigh
the thin-walled tubing of the main and auxiliary
heat exchangers. Coolant (ram) air is Orwn
around these tubes by the turbine-driven axial-
flow fan. The heat exchangers use common inlet
and outlet ducts for cooling air.

The design and the construction of the heat
exchanger are such that a substantial portion of
the heat is transferred through the tubing walls
to the coolant air as it is drawn through the heat
exchangers. Figure 5-7 illustrates the flow of
engine bleed air and coolant (ram) air through
the heat exchangers. The heated coolant air is
dumped overboard. Partially cooled air from
the auxiliary heat exchanger is ducted to the
windshield washing and equipment pressuriza-
tion subsystems.

Part of the partially cooled bleed air from the
main heat exchanger is sent to the defogging
subsystem. The remaining partially cooled air
is directed through the mass flow control valve
to the cooling turbine for further cooling by the
extraction of work. The cooling turbine is turned
by the force of the partially cooled air impinging
on the turbine blades. The energy imparted to the
turbine wheel is absorbed by the coolant or
ram-air intake fan, which is mounted on the
same shaft as the turbine. The turbine turns at
a high rate of speed, and air passing through the
curved blades of the turbine wheel is expanded
with a resultant pressure drop slightlyabove the
pressure in the cockpit. The energy used in
turning the turbine wheel drops the temperature
as well as pressure of the air to design require-
ments. This cooled, slightly pressurized air is
then directed through the turbine outlet and into
environmental control system ducting.

Mass Flow Control Valve

The mass flow control valve regulates the
mass (volume) of air flowing to the turbine in
response to a pneumatic signal from the mass
flow controller. The valve modulates to aid the
dual temperature control valve in controlling
cabin temperature. As the signal entering the
reference regulator (fig. 5-7) increases, pres-
sure above the main actuator diaphragm also
rises and the mass flow control valve begins to
close. This reduces the flow to the turbine and
consequently flow to the environmental control

system. Pneumatic inlet pressure also flows to
one side of the secondary diaphragm and through
an orifice to the other side of the diaphragm.
If the temperature of the air flowing to the
turbine reaches a predetermined high limit, the
fusible plug (fig. 5-7) melts and vents the rear
side of the secondary diaphragm to the atmo-
sphere. The secondary diaphragm lifts off its
seat and inlet pressure acting on the main ac-
tuator diaphragm closes the valve. The chamber
behind the main actuator diaphragm is protected
from overpressurization by a relief valve that
discharges overpressure to atmosphere.

The manner in which the valve operates is
illustrated by the following typical sequence:
Assume that the cabin temperature is stabilized
and that the dual temperature control valve is
in the full cold position (cold butterfly open, hot
butterfly closed). As the aircraft changes alti-
tude, the cabin temperature decreases and the
cold butterfly starts to close. The increased
pressure caused upstream of the temperature
control valve is sensed by the mass flow con-
troller, which sends a pneumatic signal to the
mass flow control valve, driving it toward the
closed position. The turbine discharge flow de-
creases and temperature rises slightly. The
result at the cold butterfly of the temperature
control valve is a decreased flow of cool air at
a slightly increased temperature, which will
aid in the restabilization of the cabin
temperature.

Cockpit Air Outlets

The cockpit air is distributed by tubes which
on most aircraft run lengthwise on each side of
the pilot and contain a large number of small
holes from which air is directed. One set of
tubing is generally routed to permit discharge
of air at the pilot's feet and another set of tubing
directs air to the legs and other body areas. On
most installations, several types of diffusers
provide proper distribution of air. Foot diffusers
normally consist of butterfly type valves which
are manually operated. Cabin air diffusers on
larger aircraft normally are louvered discs that
can be rotated 3600 to direct air in any direction
as needed. Most are equipped so that air can be
shut off if desired when the air-conditioning
system is operating.

Face diffusers are normally eyeball type
socket devices that may be rotated 300 about
the neutral position by manually moving the
outlet in its socket. Airflow is initiated by pulling
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Figure 5-7.Air cycle refrigeration unit.

outward on the lip of the outlet
counterclockwise.

Pressure Regulators

or turning it

The pressure regulator of an air-conditioning
and pressurization system is designed to regu-
late the outflow of air from the cockpit or cabin,
thereby maintaining cabin pressure at a desired
pressure altitude.

The operation of a typical pressure regu-
lator may be considered in three rangesthe
unpressurized range, the isobaric range, and
the differential range. Figure 5-8 is a typical
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cabin pressure chart, showing these three ranges
of operation.

The UNPRESSURIZED RANGE may be de-
fined as the altitude range over which the cabin
pressure remains approximately equal to atmos-
pheric pressure. In the typical pressure schedule
shown, this range extends from sea level to
8,000 feet. For some aircraft, the unpressurized
range extends to only 5,000 feet, on some others
to 10,000 feet.

The ISOBARIC RANGE may be defined as the
altitude range over which the cabin remains at
a constant pressure altitude. For example, in
the schedule shown in figure 5-8, cabin pressure
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the air orifice and filter to establish a reference
pressure. The balance chamber between the
outflow valve and the balance diaphragm pneu-
matically balances the outflow valve, thus the
outflow valve will open or close as reference
pressure increases or decreases through the
various modes of operation.

Unpressurized Operation.Figure 5-10 (A)
shows the pressure regulator in unpressurized
operation. During this range of operation, ref-
erence-chamber pressure is sufficient to allow
the evacuated isobaric bellows to remain con-
tracted, thus holding the isobaric needle valve
in the open position. Cabin air is bled into the
reference chamber through the filter and orifice
and flows out through the open needle valve and
vent line to atmosphere. Since the filter orifice
is smaller than the isobaric needle valve vent,
pressure in the reference chamber is less than
cabin pressure. This causes the actuator
diaphragm to move toward the low-pressure
side, opening the outflow valve and allowing the
cabin air to flow to atmosphere until the pres-
sure differential between the cabin and atmo-
sphere approaches zero.

Isobaric Operation.Isobaric operation of
the pressure regulator is shown in figure 5-10
(B). As the isobaric altitude is approached, the
pressure in the reference chamber decreases.
This results in the evacuated isobaric bellows
expanding and moving the needled valve towards
its seat. The expansion of the isobaric bellows
is aided by the tension of the isobaric calibrat-
ing spring. The needle valve moving towards its
seat tends to close off the vent from the ref-
erence chamber to atmosphere. This action of
the needle valve prevents further decrease in
reference-chamber pressure and maintains the
chamber at a substantially constant pressure
throughout the isobaric range of operation.
Since reference-chamber pressure is held at a
constant value, any decrease in cabin pressure,
as the aircraft ascends, results in a movement
of the actuator diaphragm toward the low-pres-
sure side. This moves the outflow valve toward
the closed position, restricting the flow of cabin
air to atmosphere until cabin pressure is stabil-
ized at the calibrated constant isobaric value.

Differential Operation.As the aircraft as-
cends to the upper limits of altitude at which the
regulator is calibrated to maintain isobaric
control, the differential pressure between the
cabin and atmosphere approaches the maximum
calibrated value. Also, the differential pressure
between the reference chamber and atmosphere
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becomes great enough to result in the differential
diaphragm moving and opening the diffPrential
needle valve. As the aircraft continues to ascend,
the opening of the differential needle valve takes
over control from the isobaric needle valve
which is now virtually closed (fig. 5-10 (C)).
Since action of the differential diaphragm is a
result of the differential pressure between the
reference chamber and atmosphere, the posi-
tioning of the needle valve holds this differential
constant and consequently maintains a constant
differential pressure between the aircraft cabin
and atmosphere.

REMOVAL AND INSTALLATION.The
pressure regulator must be replaced if it is
found to be defective during troubleshooting. The
specific Maintenance Instructions Manual should
be consulted before replacing the regulator.
The following steps will aid in its removal:

1. Turn off aircraft electrical power.
2. Remove access panels from the wing.
3. Disconnect bleed-air line, pressure sens-

ing line, and pressure manifold from valve.
4. Remove bolts, nuts, and washers that se-

cure valve to bracket assembly and remove
valve.

Reverse the steps when installing the new
regulator. After the regulator has been installed,
an operational check must be made.
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Cabin Air Pressure Safety Valve

The purpose of the air safety valve is three-
fold. It acts as an automatic pressure relief
valve in case cabin pressure exceeds the estab-
lished limits. It acts as an automatic vacuum
relief valve in case cabin pressure becomes less
than atmospheric pressure. It serves as a means
of dumping cabin pressure in the event de-
pressurization is desired.

The safety valve used on most pressurized
aircraft is similar to the one shown in figure
5-11. The valve is a normally closed, pneumat-
ically operated and controlled, fully automatic
unit that can be electrically activated to the
dump position. NOTE: The dump feature in
some safety valves may be manual.

OPERATION.Most cabin air pressure
safety valves operate in a manner similar to the
following. NOTE: The pressures may vary
slightly in some cases.

Pressure relief occurs when the cabin pres-
sure is allowed to exceed atmospheric pressure
by 5.4 psi. At this point, cabin pressure over-
comes the combined forces of atmospheric
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Figure 5-9.Cabin pressure regulator.

pressure and spring tension in the control
chamber, moving the metering valve back against
the calibration screw. When forced against the
calibration screw, the metering valve opens,
allowing reference-chamber air to escape
through the outer compartment to atmosphere.
As air is drained from the reference chamber,
the force of cabin pressure against the outflow
valve overcomes spring tension and moves it to
the open position, allowing cabin air to flow to
atmosphere. The rate-of-flow of cabin air to
atmosphere is determined by the amount the
cabin-to-atmosphere pressure differential has
been allowed to exceed the 5.4 psi calibration
point. As cabin pressure is reduced to below
5.4 psi, the forces opening the valve will be
proportionately reduced, allowing it to return
to the normally closed position.

Vacuum relief occurs when atmospheric
pressure exceeds cabin pressure by 0.25 psi.
At this point, the force of atmospheric pressure

AM.88

against the external surface of the outflow valve
causes the valve to open and allows air to flow
into the cabin.

In addition to the automatic operating pro-
visions just described, the valve includes pro-
visions for electrical activation to the dump
position. This is accomplished by a passage in
the head that allows reference-chamber air to
vent directly to atmosphere. The flow of air
through the passage is controlled by aball check
valve and an air solenoid valve. The solenoid
valve is spring loaded to a normally closed
position. When the solenoid valve is opened
by positioning the cockpit pressure switch to
RAM EMER, air flows from the reference
chamber, decreasing the reference pressure and
allowing the outflow valve to open and dump
cabin air.

Manual dumping of cabin pressure in the
typical air-conditioning and pressurization sys-
tem (fig. 5-1) is accomplished in a similar
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Figure 5-10.Pressure regulator opeiation.

manner except that the solenoid-operated dump
valve is not an integral part of the cabin safety
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valve. A line from the reference chamber con-
nects to the inlet of a separate dump valve
which is normally at the closedposition. Placing
the cabin dump switch to ON vents the reference
chamber through the dump valve, and cabin
pressure is able to unseat the cabin safety valve
and dump overboard in much the same manner
as illustrated in figure 5-11.

Water Separators

Water separators in both the cabin and equip-
ment cooling systems provide necessary humid-
ity control for cooled air entering the cabin and
electronic equipment. Figure 5-12 illustrates
the two types of water separators utilized in the
typical air-conditioning and pressurization sys-
tems (figs. 5-1 and 5-2).

The cabin water separator removes entrained
water from the refrigerated air discharging
from the cooling turbine of the air cycle refri-
geration unit. The separator removes water
particles by combining small water particles in
the air, then separating the larger, heavier
particles from the airstream by centrifugal
force. Air enters the separator, passes through
a fiber glass condenser, and is swirled as it
passes through the closely spaced swirl vanes
of the condenser support. The water particles
in the swirling air, being heavier, are thrown
outward against the walls of the collector. The
collector is a perforated cylindrical shell that
divides the outlet shell into inner and outer
chambers. The water droplets pass through the
collector to the inactive outer chamber, collect
in the sump, and then drain overboard through
the drain boss on the bottom of the sump.

If foreign material clogs the condenser, the
decreased airflow through the condenser will
cause a differential pressure across the bypass
valve, which is located in the inlet of the con-
denser support. When the differential pressure
exceeds the force of the bypass valve load spring,
the valve opens and air passes through the
valve instead of the condenser. This bypassing
action insures a flow of air to the cabin, ven-
tilation suits, and electronic equipment. Lack
of proper cooling would be more detrimental
than the introduction of cool, humid air.

The equipment cooling water separator works
in a similar manner. As air enters the inlet of
the separator, it passes through a two-stage
coalescer which merges entrained moisture into
large water droplets. The air then passes through
the swirling vanes (blade) and the centrifugal

1 3 3
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force of the air being swirled throws the water
droplets against the collector. Water passes
through tha collector, into the absorber car-
tridge, and ultimately out the drain boss.

1 :3 41

-r-
eABIN PRESSURE
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AM.90

An air bypass is provided in the coalescer
assembly to permit coolIng-air flow through the
separator in the event the eoalescers become
clogged with foreign matter.
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MAINTENANCE AND INSP7CTION

Very little maintenance is required on most
pressurization and air-conditioning systems
other than making the required periodic inspec-
tions and operational checks. Many of the com-
ponents are repairable at the Depot level of
maintenance rather than at lower levels of
maintenance because of the high cost of special
equipment required for making adjustments nec-
essary to proper operation.

In most instances, a maladjusted or mal-
functioning component must simply be removed
and replaced. There are, however, certain com-
ponents which require periodic servicing, clean-
ing, and inspection so that the component will
function properly and efficiently and may be
considered reliable for flight. The maintenance
considerations and requirements discussed in
this section are general in nature and should be
performed as applicable. Specific requirements
are listed in the daily, postflight, special/condi-
tional, and calendar Maintenance Requirements
Card (MRC) decks as well as the Maintenance
Instructions Manual for each aircraft as
appl icable.

Pressure Regulators

Close attention should be given the cabin
pressure regulator since this unit may be con-
sidered the "brain" of the pressurization sys-
tem. Some Maintenance Instructions Manuals
and MRC's indicate that the internal filter found
in most pressure regulators be removed and
cleaned periodically. A solvent such as tri-
chloroethylene is recommended for removing
any foreign matter which has accumulated in the
filter. The filter should be allowed to dry
thoroughly before reinstalling. On some types
of regulators, removal of the filter would re-
quire partial disassembly, which may be pro-
hibited. Consult the applicable MIM in each case.

The outflow-valve faces must be cleaned
periodically. Since all cabin air must flow
through the outflow valve, nicotine tars and other
foreign particles will accumulate on the valve
faces. This may cause the valve to stick in
the closed position. Both faces of the valve
should be wiped clean with a clean soft cloth
saturated with solvent. In most cases the regu-
lator will have to be removed from the aircraft
to accommodate cleaning.

Safety Valves

The filter and valve faces of the cabin safety
valve should be cleaned in the same manner as
those for the pressure regulator when applic-
able. The bleed orifice (fig. 5-11) should be
cleaned periodically by carefully inserting a
length of "tag wire" into the bleed hole and
running it back and forth through the orifice.
Shutoff and Temperature
Control Valves

Shutoff and temperature control valves in the
prcssurization and air-conditioning system
should be checked for binding of the butterfly
(or gate) and for loose, bent, binding, or broken
linkage. All valves should be checked for secu-
rity of mounting and for loose connections.

Any appreciable leakage through a shutoff
valve is an indication that the valve should be
investigated and that corrective action may be
necessary.

The travel limits of a shutoff valve actuator
should be checked at the first indication of mal-
functioning. Wnen valve malfunction is sus-
pected, the travel sequence should be checked to
determine if the valve is fully closed when the
cockpit control is piack,d in the OFF pnsition
and fully open when the control iF in the the ON
position.

The relative position of thi: temperature con-
trol valves should be mo-dtored in manual and
automatic modes of operation by observing their
position indicators as various temperature
ranges are selected. Failure of the valve to
work in the automatic mode may be due to tem-
perature controller malfunctioning rather than
an inoperative valve. Operation of the valve in
the manual mode will verify proper operation of
the drive motor and gear train and freedom of
the butterfly valve to change position, thus
isolate the trouble to the temperature controller
and associated temperature sensors.

It should be remembered that actuators and
other electrically actuated components are the
responsibility of the electric shop; however,
these units may be checked for broken, loose,
or frayed electrical leads and security of mount-
ing by a qualified AME. The importance of the
AME and AE working together cannot be
overstressed.
Refrigeration Units

The Maintenance Requirements Cards for
some aircraft require periodic inspection of the
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Figure 5-12.Water separators.

refrigeration unit for .ttigue cracks, corrosion, unit. Any damage that could result in failure or
dents, and the general integrity of the complete malfunction of the unit is cause for removal.
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CAUTION: When removing most refrigeration
units, it is important to keep the unit in the
upright position to prevent internal oil leakage.

Always cap or coves all openings in the sys-
tem and the unit itself during removal and
installation. Cleanliness is of the utmost im-
portance. Foreign particles will cause damage
to moving parts of Hy frigeration unit or
valves to malfunction. . turbine turns at a
very high rpm and damage to the vanes could
cause it to fail and pcs ,,.1)1y fly apart.

On some aircraft ,2rioclic lubrication of
the turbine(s) is requiz cd and the heat ex-
changer cores must be cleaned. Lubrication
should be in strict accordance with the in-
structions contained in the aircraft Maintenance
Tw.t. u( tions Manual and/or Maintenance Re-
., .ents Cards. On some turbines the oil
level m the reservoir is checked with a dipstick.
Never fill the reservoir above the recommended
level. Insure that the dipstick is clean prior to
checking the oil level.

In checking the oil for contamination, use a
clean syringe, drawing a sample of oil from
the bottom of the reservoir or sump. Deposit the
oil sample in a clean glass container and allow
it to settle. If any contamination such as water,
foreign particles, or unknown substance becomes
apparent, drain and refill the reservoir. Lubri-
cating oil conforming to Military Specification
MIL-L-6085A is recommended by most turbine
manufacturers.

Lubrication of the turbine utilized in the
typical air-conditioning and refrigeration sys-
tem (figs. 5-1 and 5-7) is performed in the
following manner:

Remove the drain plag and allow any con-
densation in the sump to drain out. Reinstall
the drain plug.

Remove the fill plug and fill the turbine sump
with not more than 180 cc of oil.

Allow 15-20 minutes for the oil to
properly in the sump.

Remove the drain plug and drain the oil.
NOTE: Cotton packing in the turbine as-

sembly will retain the proper amount of oil for
lubrication. Approximately 20 minutes is re-
quired to properly drain off the excessive oil.
Inserting a clean piece of wire approximately
1/2 inch into the cotton in the sump will facili-
tate drainage.

Install drain and fill plugs with giskets and
lockwire.

The air-conditioning turbine is lubricated
every 375 flight hours and is removed for high
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time overhaul when it has operated 750 flight
hours. A Scheduled Removal Component Card
(SRC), OpNav 4790/28A, which provides a com-
plete history of the turbine must accompany the
part when it is turned in to material control for
ultimate shipment to the overhaul activity. In-
termediate level maintenance of the complete
refrigeration unit is restricted to replacement
of miscellaneous parts listed in Spares and
Repair Parts Data found in section IV of the
applicable MIM.

Water Separator

Maintenance of the water separators illus-
trated in figure 5-12 includes replacement of
miscellaneous parts and periodic cleaning, both
of which can be accomplished at the Organiza-
tional maintenance level.

Cleaning requires disassembly and cleaning
of metal parts with drycleaning solvent. If the
condenser or coalescers and absorber cartridge
are not defective, they may be cleaned using a
mild soap solution, rinsed, and dried with low-
pressure compressed air.

If the water separator is removed from serv-
ice for suspected malfunction, it is subjected to
a pressure leakage test and may be repaired to
a greater depth at the Intermediate level of
maintenance, utilizing the same Field Parts Kit
that was available to the Organizational level
maintenance activity plus other parts of the
water separator available as individual items.

System Ducting

A leak in the ducting can prevent or reduce
cockpit pressurization and can overwork the
refrigeration unit. Leaks in the low-pressure
ducting can reduce airflow to the defrosting
system and thus cause impaired visibility. Leak-
age in the ram-air ducting and ram-air valve
can seriously hamper proper operation of the
refrigerating system. Any leak will result in
a loss in efficiency and should be repaired
promptly. WARNING: A LEAK IN HIGH-PRES-
SURE DUCTING CAN RESULT IN FIRE OR IN
FAILURE OF STRESSED ALUMINUM STRUC-
TURE AGAINST WHICH LEAKING AIR IS
DIRECTED.

A variety of clamping devices are utilized
in connecting aircraft environmental control
system ducting sections to each other or to
various components. Whenever lines, com-
ponents, or ducting are disconnected or removed
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for any reason, install suitable plugs, caps, or
coverings on the openings to prevent the entry
of foreign materials. Tag the various parts to
insure correct reinstallation. Care should be
exercised during handling and installation to
insure that flanges are not scratched, distorted,
or deformed. Flange surfaces should be free
of dirt, grease, and corrosion. The protective
flange caps should be left on the ends of the
ducting until the installation progresses to the
point where removal is necessary to continue
with the installation.

In most cases it is mandatory to discard and
replace seals and gaskets. Insure that seals and
gaskets are properly seated and that mating and
alignment of flanges are fitten so that excessive
torque is not required to close the joint and
impose structural loads on the clamping device.
Adjacent support clamps and brackets should
remain loose until installation of the coupling
has been completed.

Marman type clamps zommonly used induct-
ing systems should be tightened to the torque
value indicated on the coupling. Tighten all
couplings in the manner and to the torque value
as specified on the clamp or in the applicable
Maintenance Instructions Manual.

INSTALLING CHECK VALVES. When in-
stalling check valves in the system ducting,
always install the valve with the arrow pointing
in the direction of airflow; and the word "UP"
printed on the valve in the up position.

INSTALLING FLEXIBLE CONNECTORS/
COUPLINGS.Some of the most commonly used
plain band couplings are illustrated in figure
5-13. When installing a hose between two duct
sections, as illustrated in figure 5-13, the gap
between the duct ends should be 1/8 inch mini-
mum to 3/4 inch maximum. When installing the
clamps on the connection, the clamp should be
1/4 inch minimum from the end of the connector.
Misalignment between the ducting ends should
not exceed 1/8 inch maximum.

When installing flexible couplings, such as
the one illustrated in figure 5-14, the following
steps are commended to assure proper security:

1. Fold back half of the sleeve seal and slip
it onto the sleeve.

2. Slide the sleeve (with the sleeve seal
partially installed) onto the line.

3. Position the split sleeves over the line
beads.

4. Slide the sleeve over the split sleeves
and fold over the sleeve seal so that it covers
the entire sleeve.

5. Install the coupling over the sleeve seal
and torque to correct value.

NOTE: Torque values for the various sizes
and types of couplings may be found by referring
to the applicable Maintenance Instructions
Manual. Some couplings will have the correct
torque value marked on the outside of the band.

INSTALLING RIGID COUPLINGS.To ease
installation in restricted areas, some of the
stiffness of the rigid coupling can be overcome
by tightening the coupling over a spare set of
flanges and gasket to the recommended torque
value of the joint. Tap the coupling a few times
with a plastic mallet before removing it.

When installing rigid couplings, follow the
steps listed below and illustrated in figure 5-15:

1. Slip the V-band coupling over the flanged
tube.

2. Place a gasket into one flange. One quick
rotary motion assures positive seating of the
gasket.

3. Hold the gasket in place with one hand
while the mating flanged tube is assembled into
the gasket with a series of vertical and hor-
izontal motions to assure the seating of the
mating flange to the gasket.

NOTE: View B of figure 5-15 illustrates the
proper fitting and connecting of a rigid coupling,
utilizing a metal gasket between the ducting
flanges.

4. While holding the joint firmly with one
hand, install the V-band coupling over the two
flanges.

5. Press the coupling tightly around the
flanges with one hand while engaging the latch.

6. Tighten the coupling firmly with a ratchet
wrench. Tap the outer periphery of the coupling
with a plastic mallet to assure proper align-
ment of the flanges in the coupling. This will
seat the sealing edges of the flanges in the
gasket. Tighten again, making sure the rec-
ommended torque is not exceeded.

7. Check the torque of the coupling with a
torque wrench and tighten until the specified
torque is obtained.

8. Safety wire the V-band as illustrated in
figure 5-16 as an extra measure of security in
the event of T-bolt failure. If the nut on the
T-bolt is drilled for saftying, extend the safety
wire to the nut so that it will pull on the nut in
a clockwise (tightening) direction. Most V-band
connectors will util ize a T-bolt with some type
of self-locking nut.
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Figure 5-13.Flexible line connectors.

Seals

Joints around doors, canopies, windows, and
all other openings are made airtight by the use

AM. 1135

of rubber seals. A leaking seal will prevent
pressurization of the cockpit or cabin or give
marginal pressurin.tion, depending on its size.
All seals must therefore be inspected regularly
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for cuts, tears, cracks, and deterioration.
Damaged 3eals must be patched or replaced as
necessary.

Electrical Failures

Since all pressurization and air-conditioning
systems have electrically controlled compo-
nents, maintenance of these systems must in-
clude the related electrical circuits in many in-
stances. Although an AE is generally calledupon
to locate and correct electrical troubles, the
AME should be able to check circuits for loose
connections, and even perform continuity checks
when necespary. A knowledge of electrical sym-
bols and the ability to read circuit diagrams is
therefore necessary. Figure 5-17 illustrates the
electrical symbols commonly found in sche-
matic diagrams.

SPLIT SLEEVE

COUPLING I SLEEVE SLEEVE
SEAL

LINE BEADS

SPLIT
SLEEVE

SLEEVE SEAL
SLEEVE FOLDED BACK

AM.91
Figure 5-14.Installation of flexible line

couplings.

Loose connections are located by checking
all connectors in the circuit. A connector that
can be turned 1-.1 hand is loose and should be
t ightened handt ight.

A continuity check is simply a matter of
determining whether or not the circuit to the
valve, or other electrically controlled unit, is
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complete. The check for continuity may be made
with a test lamp which can be drawn from
supply.

To perform a continuity check, the con-
nector at the electrically controlled unit is first
disconnected. Then, with all necessary switches
and circuit breakers closed, the test lamp is
connected into the circuit at the electrical con-
nector. The lamp thus indicates whether or not
the circuit is complete.

Continuity checks may also be made with the
use of a multirneter. A multimeter is an instru-
ment used for measuring resistance, voltage, or
amperage. Using this instrument is primarily
the responsibility of the AE; however, the AME
may learn to use it by referring to Basic
Electricity, NavPers 10086-B, Chapter 15.
Remember, certain portions of this training
manual are recommended supplemental reading
for all AME personnel.

TROUBLESHOOTING

Troubleshooting is the process of locating a
malfunctioning component or other unit in a
system or mechanism. For the AME, trouble-
shooting is an important responsibility.

When a malfunction is reported concerning
any of the components or systems that are
maintained by the AME, he must be able to
locate the trouble and correct the difficulty.

In order to troubleshoot intelligently, the
AME must be familiar with the system at hand.
He must know the function of each component in
the system and have a mental picture of the
location of each component in the system in
relation to other components as well as the
location of the component in the aircraft. This
can be best achieved by studying the installation
and schematic diagrams of the systems found in
the applicable Maintenance Instructions Manual.

Use of Diagrams

Each aircraft manufacturer is required to
furnish diagrams of the various systems found
in the aircraft as well as cross-sectional views
of components that will aid in understanding
their operation.

A diagram, whether it is an installation or
schematic diagram, may be defined as a graphic
representation of an assembly or system in-
dicating the various parts and expressing the
methods or principles of operation.
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Figure 5-15.Installation of rigid line couplings.
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IN THIS AREA

V BAND COUPLER

AM.1137
Figure 5-16.Safetying a V-band coupling.

INSTALLATION DIAGRAMS.The top half of
figure 5-3 is an example of an installation dia-
gram. This is a diagram of the equipment
pressurization system. It identifies each of the
components in the system and shows their
location within the aircraft on this principal
view. If further detail was required, letters
on the principal view (A, B, etc.) would refer to
a detailed view located elsewhere on the diagram.
Each detailed view is an enlarged drawing of a
portion of the system or a portion of a com-
ponent as applicable.

Diagrams of this type are used extensively
throughout all aircraft Maintenance Instructions
Manuals and are invaluable to maintenance per-
sonnel in identifying and locating components in
the aircraft and understanding the operating
principle of the various systems.

SCHEMATIC DIAGRAMS.Figure 5-1 is an
example of a schematic diagram of a typical
air-conditioning and pressurization system.
Diagrams of this type do not indicate the location
of the individual components in the aircraft, but
do locate the components with respect to each
other within the system. For example, the cabin
bleed-air shutoff valve is not located next to
the dual temperature control valve in the air-
craft. The diagram does indicate, however, that
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hot engine bleed air flows from the cabin bleed-
air shutoff valve to the hot side of the dual
temperature control valve.

Schematic diagrams of this type are used
primarily in troubleshooting. Note that by re-
ferring to the legend in the diagram, the flow
of bleed air can be traced throughout the sys-
tem and the AME is able to differentiate between
plumbing sections that duct hot bleed air, cooled
bleed air, conditioned air, etc. Each component
is identified by a name, and its location within
the system can be ascertained by noting which
lines lead into and out of each valve or unit.

In tracing the flow of bleed air from the
engine, it can be seen that the first unit in the
line is a one-way check valve. The arrow on
the check valve indicates the direction of flow
through the valve. It is fairly obvious that the
check valve is installed at this point to prevent
bleed air from one engine enterin6 the opposite
engine in the event one engine is shut down.

Tracing the flow from the check valves the
AME can see that bleed air branches and goes
to the cabin bleed-air shutoff valve, to the
ventilation suit subsystem, to the defogging
subsystem, and to the air cycle refrigeration
unit. It can be further seen that cooled bleed
air leaving the turbine goes to the equipment
cooling subsystem as well as to the cabin for
cooling. Some of the cooled air goes through the
water separator and some bypasses the water
separator. By tracing airflow throughout the
system and each component, the AME can gain
a better understanding of how the system is
designed to operate and will develop the ability
to identify proper or faulty operation of each
component when performing operational checks.

Schematic diagrams, like installation dia-
grams, are used extensively throughout all
Maintenance Instructions Manuals. By studying
each schematic diagram thoroughly, the A/vIE is
able to get a better understanding of the opera-
tion of the system and its components and can
therefore troubleshoot more effectively.

Troubleshooting Procedures

Troubleshooting procedures are similar in
practically all applications. The procedures
covered in this section are certainly adaptable
to almost all aircraft systems. Auto mechanics
use these steps to find and repair automobile
malfunctions. The AME can use these proce-
dures to find and repair malfunctions within all
the aircraft system for which he is responsible.
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Figure 5-17.Electrical symbols.

Basically, there are seven distinct steps to
follow during troubleshooting. These steps are
as follows:

1. Conduct a visual inspection. This inspec-
tion should be thorough and searchingchecking
all lines, linkages, and components for obvious
damage; evidence of leakage, looseness, secu-
rity, material condition, andproper installation;
and servicing when applicable.

2. Conduct an operational check. The mal-
functioning system or subsystem is checked for
proper operation. This may be accompl'..au .1 by
utilizing special support equipment sec . as the
environmental control test set covered later in
this section or by utilizing aircraft pow^r and
equipment with the engines running. Each air-
craft Maintenance Instructions Manual provides
the steps to be taken in performing the opera-
tional checkouts of all the aircraft's systems.
The operational checks and troubleshooting
charts for each system are numbered so that
when a malfunction occurs during a step in the
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operational checkout, the malfunction can be
loc .tecl under the same step number in the
troubleshooting chart. The troubleshooting chart

drovide a list of the most probable causes
of the malfunction in the order of probability,
along with a recommended remedy. In any case
the . VIE must check the system out thoroughly,
obsel.ving proper operation, sequence of events,
etc. iTable 5-1 provides an example of a page
froni he troubleshooting chart for the com-

of the pressurization system illustrated
r;ure 5-1.)
. Classify the trouble. Malfunctions usually

fait into the basic categorieselectrical, me-
chanical, and/or improper installation. Using
the information acquired in steps 1 and 2, the
/ME determines under which classification the
malfunction occurs. Proper use of the test set
or a multirneter will additionally verify that the
trouhle is electrical or mechanical. Use of the
Maintenance bmtructions Manual when perform-
ing all maintenance tasks should prevent
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Table 5-1.Troubleshooting cabin pressurization.

Probable cause Isolation procedure Remedy

STEP 25 TROUBLE: CABEN PRESSURE IS LESS THAN 5.4 PSI

Inadequate air supply. Check external air supply. Adjust external air supply.

Cabin safety valve. Replace cabin safety valve with one
known to operate properly. (Refer
to paragraph 3-108.)

If normal operation results
after replacement, use
new valve.

Cabin dump valve. Replace cabin dump valve with one
known to operate properly. (Refer
to paragraph 3-111.)

If normal operation results
after replacement, use
new valve.

Canopy seal. Refer to Escape and Survival Sys-
tems, Nav Air 01-85ADA-2-2.3.

STEP 25 TROUBLE: CABIN PRESSURE IS GREATER THAN 5.6 PSI

Cabin safety valve. Replace cabin safety valve with one
known to operate properly. (Refer
to paragraph 3-108.)

If normal operation results
after replacement, use
new valve.

STEP 25 TROUBLE: CABIN PRESSURE FLUCTUATES

Cabin safety valve. Replace cabin safety valve with one
known to operate properly. (Refer
to paragraph 3-108.)

If normal operation results
after replacement, use
new valve.

STEP 26 TROUBLE: FLOW RATE EXCEEDS 3.5 POUNDS PER MINUTE

Cabin safety valve. Replace cabin safety valve with one
known to operate properly.
(Refer to paragraph 3-108.)

If normal operation results
after replacement, use
new valve.

Canopy seal. Refer to Escape and Survival Sys-
tems, NavAir 01-85ADA-2-2.3.

Defective structural
sealing.

Check for leaks where wire bundles,
ducts, and tubing enter cockpits.

Reseal where necessary
and repeat step 23, para-
graph 3-102.

:Tr EP TPUUM: CABIN PRESSURE INCREASES TO MORE THAN 0.5 ,PSI

;1411 y

Cabin dump valve.

Replace cabin safety valve with one
known to operate properly. (Refer
to paragraph 3-108.)

Replace cabin dump valve with one
known to operate properly. (Refer
to paragraph 3-111.)
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If normal operation re-
sults after replacement,
use new valve.

If normal operation re-
sults after replacement,
use new valve.
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Table 5-1.Troubleshooi:ing cabin pressureContinued

Probable cause

STEP 48 TROUBLE:

STEP 49 TROUBLE:

Isolation procedure Remedy

CABIN PRESSURE INCREASES TO MORE THAN 0.5 PSI

Troubleshooting procedure is the
same as that listed under STEP 28
TROUBLE: CABIN PRESSURE
INCREASED TO MORE THAN
0.5 PSI.

PRESSURE GAGE READS LESS THAN 2.0 INCHES OF WATER

Leakage at the ducts,
couplings, plenum-pallet
gasket connections, rubber
grommets, or plenum relief
valve.

Check system for leakage. Disconnect air supply and
stop leakage by realigning
or resealing, and repeat
step 46, paragraph 3-102.

improper L.stallation. Something affecting the
flow of gas or liquid (as could be the case in the
vapor cycle air-conditioning system, covered
later in this chapter) could be classified as a
combination electrical/mechanical failure. Most
mechanical failures should be found on the vis-
ual inspection; however, drive shaft failure on
some of the air-conditioning valves is not readily
apparent until the valve is operated. In some
cases it may even be necessary to disconnect
the valve from ductingso that the butterfly valve
can be observed through the end openinE.; The
position indicator on some valves can indicate
that the valve is changing positions, which would
be a false indication if the shaft was broken
after the indicating mechanism, or if the butter-
fly valve was damage6 in such a manner that
the shaft would rotate without actually reposi-
tioning the valve.

4. Isolate the trouble. This step calls for
sound reasoning, and a full and complete knowl-
edge of how each component and the system
should operate. During this step, the AME can
make full use of his knowledge as well as full
utilization of the system schematics to tract
system operation and systematically eliminate
components, until he arrives at a reasonable
conclusion concerning the (:ause of the mal-
function based on facts and deductive reason-
ing. Usually the trouble can be pinned down to
one or two areas. By checking these individual
areas or components the trouble can be iso-
lated.

5. Locate the trouble. This step is used to
eliminate unnecessary parts removal, thus sav-
ing time money, and manhours. Once the AME
has isolated the trouble to a certain area or
component, a closer observation of the valve or
component in operation should provide some
oVious indication that it is not operating as
specified in the MIM. If all evidence seems to
indicate that the problem is electrical, the as-
sistance of an AE should be 'requested.

6. Correct the trouble. This step is accom-
plished only after the trouble has been definitely
pinpointed and there is no doubt that the AME's
diagnosis is correct. Removal, replacement, or
repair of the unit or system is accomplished
utilizing the instructions provided in the appli-
cable aircraft Maintenance Instructions Manual.

NOTE: While performing maintenance or
any system, insure that the step-by-c4tepproce
dures outlined in the MIM incluthr.gCAUTIONb,
WARN/NGS, and SAFETY notes concerrOng th-
specific procedures are strictly complied with.

7. Conduct a final operational check. The
affected component or system must be given an
operational check following installation or afte::
repair to verify prot.er system or cornponer:
Operation. The Maintenance Instructions Mani.ak
will provide the procedures for conducting t.
operational check. It will usually require ope:',
ation of the system in various modes (mawraA
and automatic for air-conditioning and pres-
surization systems) or through several cycles
as applicable. Specified steps throughout the
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repair procedure and the performing of the
operational check must be observed and certi-
fied by a quality assurance representative or
a collateral duty quality assurance representa-
the from the work center performing the work.
These steps are usually identified in the MIM
by being underlined, or appearing in italics, or
some other obvious method.

Operational Checks

An operational check of both the air-condi-
tioning and pressurization system is required
periodically and after maintenance on the system
to verify proper operation. The air-conditioning
system can generally be checked by turning up
the aircraft and operating the system in both
automatic and manual modes. On some aircraft,
the air-conditioning system is operationally
checked utilizing a test set. The pressurization
system 'a checked utilizing an outsiae source
of air.

NOTE: Only maintenance personnel who
have been qualified for "turnup" of a specific
aircraft may do so. These personnel receive
turnup indoctrination and training by quality
assurance personnel and must have their turnup
authorization card in their possessionduring the
turnup. Turnup by unauthorized personnel is
specifically prohibited and could result in seri-
ous damage to the engines or the aircraft as
well as personnel injuries.

CHECKING THE AIR CONDITIONING.
Ground checking of an air-conditioning system
utilizing an Environmental Control System Test
Set such as the AN/ASM-171 (XN-2) is the
responsibility of personnel within the AE rating.
The test set is simple to operate andprovides a
quick and easy method to differentiate between
electrical and mechanical malfunctions. The
test set is capable of checking almost all elec-
trical components of the air-conditioning sys-
tem by systematically checking each component
in a specific order until the cause of malfunc-
tion /a pinpointed. The AME should work with
the AE while performing the operational check.
By observing the position indicators of the
various system valves, the AME can verify
proper opening, closing, and modulating of the
valve as the test is being conducted. The test
set will inform the AE if the electrical portion
of the valve is operating correctly but may fail
to indicate a broken valve drive shaft, binding
gear train, stuck valve, ctc.
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Ground checking of the air-conditioning sys-
tern during an aircraft turnup is a relatively
simple procedure and is performed in practically
the same manner on all aircraft. lithe electrical
components were checked using the test set and
all malfunctions corrected, it is not necessary
to recheck each component for proper operation.
If the test set was not useil, the AE will have
to remove the cannon plugs on the indiv.idual
components as the air-conditioning control
switches are placed in their various positions
and take voltage readings as specified in the
MIM.

During the operational test, the engines
should be running at a constant output at high
thrust and the ranopy should be closed.

The procedures and the desired results
expected in each mode of operation are speci-
fied in the applicable MIM, and they should be
performed in the correct sequence. If any
trouble becomes apparent during a procedure,
it must be corrected before proceeding to the
next step. Troubleshooting tables in the MIIVI's
list the more common troubles that could occur
in the system. Under each trouble is listed the
probable cause or causes, isolation procedures,
and remedy. The troubles in the tables are ar-
ranged to correspond with the step of the oper-
ational check where the trouble occurred.

Basically, the operational test (manual mode)
conaists of placing the MAN/RAM AIR switch
in the hot grid cold positions and checking for
proper change in the temperature of air entering
the cockpit. Next, the MAN/RAM AIR switch is
placed in the automatic mode position. Move
the automatic temperature control knob to dif-
ferent settings and observe the temperature
changes expected. There should be no uncom-
fortable pressure fluctuations throughout these
tests, and the ternperature change should occur
shortly after a change is initiated.

CHECKING COCKPIT PRESSURIZATION.
After any repair work on the pressurized sur-
faces of the cockpit, and prior to the initial
pressurized flight; the cockpit must be checked
for pressure tightness. Ground pressurization
is accomplished by the introduction of air pres-
sure from an external source into the cockpit
through a connector fitting usually located in
the cockpit pressure bulkhead.

The exact procedure for making leakage
tests varies Eomewhat with different models of
aircraft and should be done under the direct
supervision of a senior AME. No personnel
should be allowed in the cockpit during the



AVIATION STRUCTURAL MECHANIC E 3 & 2

pressure check. Detailed instructions are out-
lined in each aircraft Maintenance Instructions
Manual and should be strictly complied with in
all pressure checks. Usually included in these
instructions are a list of equipment needed for
making the test, the amount of pressure to be
used, and the allowable pressure drop per
m inute.

Basically, the ground check of an aircraft's
pressurization system consists of the following
steps:

1. Place the cabin pressure regulator ground
test handle to the TEST ONLY ALL OFF
pos it ion.

2. Remove the cabin pressure-altitude in-
dicator.

3. Connect pressure gage to the cabin pres-
sure gage teEt connection fitting in nosewheel
well.

4. Connect an external air supply to the
canopy seal ground test fitting and inflate the
seal (canopy closed), using the pressure speck-
fled in the applicable MIM.

5. Connect the cabin pressure tester air
supply to the cabin pressure ground test fitting.

NOTE: On most aircraft this fitting is located
in the nosewheel well.

6. Apply recommended pressure util izing the
tester and observe the opening of the cabin
safety valve.

CAUTION: Do not allow the cabin pressure to
exceed the recommended limits. This could
happen if the cabin safety valve is defective.
Do not allow any personnel inside the aircraft
when performing pressure checks. Insure that
main doors, escape hatches, etc., are properly
secured before applying pressure and that they
remain closed until pressure is reduced to 0
psi.

7. Reduce pressure to 0 psi.
8. Position the cabin pressure regulator

ground test handle to the TEST ONLY DIFF ON
pos ition.

9. Reapply pressure as specified in the MIM
and observe proper operation of the cabin pres-
sure regulator.

10. Remove pressure, gages, air supply, and
any adapters utilized to apply pressure. Rein-
stall the cabin pressure-altitude indicator. Cap
all test connections. Return the cabin pressure
regulator ground test handle to the flight position
and safety wire.

NOTE: Some aircraft MIM's call for check-
ing the cabin dump valve immediately following
the check of the cabin safety valve. If required,

this is accomplished with conditions the same
as they were for step 6 except the cabin dump
valve should be in the DUMP position. There
should be no pressure buildup as pressure is
applied with the tester because pressure is
relieved through the cabin safety valve.

TESTING FOR CARBON MONOXIDE CON-
TAMINATION.Although testing for carbon
monoxide contamination applies mainly to air-
craft having reciprocating engines, performing
this test is closely related to cockpit leakage
testing and is therefore discussed here. Per-
formance of the carbon monoxide contamination
test is a requirement for advancement to AME2.

The most common sources of carbon mon-
oxide are exhaust fumes from reciprocating
engines and the gases liberated when guns are
fired. Another common source not usually con-
sidered is tobacco smoke. Heavy smokers may
have 7 percent o2 the hemoglobin in their red
blood cells immobilized in this manner. This
may lower the ceiling for these pilots as much
as 5,000 feet because the available oxygen
carrying capacity of the blood is correspondingly
lowered.

Carbon monoxide is an odorless, tasteless,
colorless, and deadly poisonous gas. Its effect
is dangerous due to the high rate of absorption
in the bloodstream when inhaled even in minute
concentrations.

The first recognizable physiological symp-
tom accompanying carbon monoxide poisoning
is the sensation of tightness across the fore-
head, together with possible slight headache and
dilation of the blood vessels.

To guard against the entrance of carbon mon-
oxide into occupied compartments, the chief
concern should be aimed at testingthe efficiency
of vapor sealing. As stated in NavAir Instruction
3750.1, all maintenance personnel should ob-
serve a program of strict preventive mainten-
ance regarding proper sealing of all openings
adjacent to occupied compartments.

All seals should be inspected for physical
condition and integrity at each periodic inspec-
tion interval. Carbon monoxide tests should be
conducted in accordance with MIL-STD-800 to
ascertain that allowable limits of contamination
are not being exceeded.

All seals, hoots, access plates, firewall
areas, ventilating ducts, windshield canopy
seals, cockpit bulkheads and decks, and other
compartments that form a barrier between the
cockpit areas and potential sources of carbon
monoxide must be Inspected. After repair or
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modification work, all compartment openings
must be effectively resealed.

Carbon monoxide tests are specified in
Nav Air Instruction 3750.1 and are performed
with a bulb tyr 'olorimetric carbon monoxide
indicator. This instrument consists of a sampl-
ing bulb, indicator tube, calibration chart, and
a carrying case.

Th, a npling bulb is a rubber bulb (similar
to an . yringe) which is used to draw air
samples tni ough the indicator tube. The indicator
tube i3 a small glass tube filled with a treated
substance (material whose color reacts to car-
bon monoxide). The tubes are sealed at the time
of manufacture by drawing the ends to a point.
The sealed ends are broken off immediately
prior to use. NOTE: The indicator tubes are
used for one test only.

Testing is performed by inserting the in-
dicator tube (with ends broken off) in the sampling
bulb and drawing a sample of the air from the
cockpit through the tube. NOTE: These samples
should be drawn in accordance with the instruc-
tions included with the instrument. The presence
of carbon monoxide is indicated by a change in
the color of the chemically treated material in
the tube.

The color of the contents of the exposed in-
dicator tube checked against colors on the
calibration eh: :t to determine the percentage of
carbon monoxide content in the air. NOTE:
Comparison of the exposed indicator tubes with
the chart should be made as soon as possible
and not later than 5 minutes after the test.

In determining the condition and integrity
of seals, tesis for .rbon monoxide with the
colorimetric indicator should be supplemented
with tests for leakage such as the following:

1. The light beam method. When using this
method, sunlight or a bright light (at night) is
used to visually find cracks between the canopy
and the aircraft or other openings.

2. The .;moke trail method. The smoke trail
method is ust....! to find openings which are not
visible with a light. When using this method, the
canopy and other openings are closed and smoke
is forced into the cockpit. Leaks are located
by the leaking smoke. An acceptable device for
smoke testing is the Highland Engineering Com-
pany smoke generator.

VAPOR CYCLE AIR-CONDITIONING
SYSTEM

Vapor cycle systems make use of the scien-
tific fact that a liquid can be vaporized at any

temperature by changing the pressure above it.
Water, at sea level barometric pressure of 14.7
psi, will boll if its temperature is raised to
212° F. The Ernie water in a closed tank under
a pressure r O psi will not boil at less than
320° F. If L e pressure was reduced to 0.95 psi
by a vacuum pump, the water would boil at 100°
F. If the pressure was reduced further, the water
would boil at a still lower temperature; for
instance, at 0.12 psi, boiling of water would
occur at 40° F. Water can be made to boll at any
temperature if the pressure corresponding to
the desired boiling temperature can be
maintained.

Liquids that will boil at low temperatures
are the most desirable for use as refrigerants.
Comparatively large quantities of heat are ab-
sorbed when liquids al,: evaporated; that is,
changed to a vapor. For this reason, liquid
Freon 12 or. 22 is used in most vapor cycle
refrigeration units whether used in aircraft or
in home air conditioners and refrigerators.

If liquid Freon 12 were poured into an open
container Burr ounded by standard sea level pres-
sure, it would immediately begin to boll at
temperatures above -22° F. There would be a
continuous flow of heat from the warm surround-
ing air through the walls of the container to the
boiling Freon. Moisture from the air would
condense and freeze on the exterior of the
container.

The system would work satisfactorily insofar
as cooling alone is concerned. A drum of Freon
could be connected to a coil and the vaporized
Freon piped outdoors, An installation such as
this would provide satisfactory refr igeration, but
the cost of replacing the refrigerant would be
prohibitive. Because of the cost involved, it is
desirable to use the refrigerant over and,over.
To accomplish this, additional equipment over
and above that already mentioned is required.

VAPOR CYCLE THEORY

Refrigerant used in the vapor cycle refri-
geration system occurs as both a liquid and as
a vapor. Conversion from a liquid to a vapor
will occur at temperatures above -21° F at sea
level. If the refrigerant pressure is increased,
conversion to a vapor will occur at higher tem-
peratures. Maximum heat transfer efficiency
occurs when the refrigerant is at the boiling
point (that point where the liquid will vaporize).

The refrigerant ,must be delivered to the
evaporator as a liquid if it is to absorb large
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quantities of heat. Since it leaves the evaporator
in the form of a vapor, some way of condensing
the vapor is necessary. To condense the refrig-
erant vapor, the heat surrendered by the vapor
during condensation must be transferred to some
other medium. For this purpose, water or air
is ordinarily used. The water or air must be at
a temperature lower than the condensing tem-
perature of the refrigerant. At any given pres-
sure the condensing and vaporizing temperature
of a fluid are the same. If a refrigerant which
vaporizes at 40 F is to be condensed at the
same temperature, water or air at a lower
temperature is needed. Obviously, if water or
air at this lower temperature were available,
mechanical refrigeration would not be required.
As the temperature of available water or air is
usually always higher than the temperature of
the boiling refrigerant in the evaporator, the
refrigerant must be condensed after it leaves
the evaporator. in order to condense the vapor,
its pressure must be increased to such a point
that its condensing temperature will be above
the temperature of the water or air available
for condensing purposes. For this purpose a
compressor is needed. After the pressure of
the refrigerant vapor has been increased suffi-
ciently, it may be liquefied in the condenser
with comparatively warm water or air.

The only reason that the compressor and
condenser are introduced into the system is to
enable the same refrigerant to be used over and
over again. The cost of compressing and con-
densing the vaporized refrigerant is far less
than the cost of continuously purchasing refri-
gerant to replace that which would be lost due
to evaporation.

In a practical refrigeration circuit, liquid
flows from the receiver to the expansion valve
which is essentially nothing more than a needle
valve. The compressor maintains a difference
in pressure between the evaporator and the con-
denser. Without the expansion valve, this dif-
ference in pressure could not be maintained.
The expansion valve separates the high-pressure
part of the system from the low-pressure part.
It acts as a pressure reducing valve because the
pressure of thc.., liquid flowing through it is
lowered. Only a small trickle of refrigerant
fluid flows through the valve into the evaporator.
The valve is always so adjusted that only just
as much liquid can pass through it as can be
vaporized in the evaporator.

The liquid that flows through the evaporator
is entirely vaporized by the heat flowing through

the walls of the evaporator. This heat has been
removed from the air being cooled.

After leaving the evaporator, the vaporized
refrigerant flows to the compressor where its
pressure is raised to a point where it can be
condensed by the condenser-air flow available.
After being compressed, the vapor flows to the
condenser. Here, the walls of the condenser are
cooled by the water or air; and as a result, the
vapor is liquefied. Heat is transferred from the
condensing vapor to the water or air through
the walls of the condenser. From the condenser
the liquid refrigerant flows back to the receiver
and the cycle is then repeated.

DESCRIPTION/OPERATION
(TYPICAL SYSTEM)

Various avionic packages aboard some mod-
ern Navy aircraft generate heat in quantities
that would be detrimental to their operation if
some type of cooling facilities were not pro-
vided. The Grumman Aircraft Engineering Cor-
poration chose a Freon 12 vapor cycle re-
frigeration package to provide avionics
equipment cooling in the E-2 "Hawkeye" air-
craft. This model, the VEA6-1, is described in
this section. The basic difference between the
basic vapor cycle system and this model is the
method of compensating for the variations in
ram-air temperature, and the variation in the
flow of ram air, which is dependent on aircraft
speed.

Figure 5-18 is a schematic diagram of this
system.

In the E-2 configuration, the vapor cycle
system cools, filters, and distributes avionics
compartment air at a temperature of 38° ± 50 F.

The system consists of a vapor cycle cooling
scoop assembly, an evaporator group assembly,
and an air distribution ducting interconnected
by refrigerant lines and electrical wiring.

The evaporator assembly (fig. 5-19) is a
compact, quick-change package that can be easily
installed, removed, and serviced as a unit. Five
quick-disconnect couplings, two shock mounts,
and two plug type mounts are installed on the
assembly's tubular frame. The main components
of the evaporator assembly include electrical
and temperature controls; a hydraulic-motor-
driven, self-lubricated Freon compressor; a
receiver; a subcooler; an expansion valve;
an evaporator and hydraulic-motor-driven fan;
and an oil separator.
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Figure 5-18.Vapor cycle air-conditioning system.

The vapor cycle cooling scoop assembly is
mounted on the top of the fuselage and consists
of a condenser assembly, ejector nozzles, an
actuator and flap, and a refrigerant pressure
actuator control switch.

The Freon in the closed system is considered
the primary coolant, and the forced air that is
drawn through the evaporator in a continuous
cycle is the secondary coolant.

The electronic equipment is cooled by the
secondary coolant, which removes heat by direct

contact with the equipment to be cooled and the
transfer of this heat to the primary coolant
through the evaporator assembly.

A header assembly attached to the discharge
side of the evaporator assembly directs thE
secondary coolant air to distribution ducts
throughout the electronic equipment compart-
ment. A filter between the header assembly
and the evaporator assembly removes dirt
and dust particles and traps moisture from the
air.
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The primary coolant refrigerant (Freon 12)
is in a closed system consisting of the evapora-
tor group assembly and the condenser group
assembly. The refrigerant circulates between
the evaporator group assembly (where it ab.Sorbs
heat) and the condenser group assembly where it
discharges or dissipates the heat to the atmo-
sphere through the vapor cycle scoop.

During flight, ram air flowing through the
scoop cools the condenser group assembly. The
airflow through the scoop is controlled by a
conaenser pressure control system. The ac-
tuator in the scoop moaulates the z irflow through
the scoop to provide suffi:ient cooling for con-
densation of the refrigerant.

When the aircraft is or the ground with
engines rumling and ram-air flow is insufficient
for cooling, an ejector air shutoff Naive opens
to permit engine bleed air to discharge through
the ejector assembly. The ejector consists oi a
set of tub3s that rermit bleed air to escape in
the ram-air duct behind the condens..,.. The
escaping toeed air creates a negative pressure
(suction) area behind the condenser and Pauses
ambient air to be drawn into the scoop and
across the condenser.

If the heat load applied to the evaporator and
the ram-air temperature and flow were con-
stant, a simple orifice would be all that was
required to control the boiling point of the
refrigerant entering the evaporator. Since these
three factors are not constant, they must be
compensated for. In the model VEA6-1 system,
if the heat load is changed, the flow of refrig-
erant is changed by utilizing a thermostatic
expansion valve in place of a fixed orifice. The
pressure of the refrigerant in the evaporator is
maintained ccnstant, regardless of the refrig-
erant flow, by varying the speed of the
compressor.

When the EQUIPMENT COOLING switch is
set to ON, solenoid-operated shutoff valves are
energized and hydraulic pressure is directd to
the evaporator fan motor and the compre, Lor
motor. The compressor motor will be automa-
tically shut off when either aircraft engine is in
autofeather and the landing gear is down. The
evaporator fan motor will continue to operate.

With the evaporator fan ard compressor
motors operating, low-pressure, low-tempera-
ture refrigerant Freon 12 vapor enters the
compressor assembly through the low-pressure
line leading from the evaporator assembly out-
let. The vapor entering the compressor inlet
combines with lubricating oil that is fed to the
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compressor. The oil-refrigerant mixture is
compressed to raise its condensing temperature.
From the compressor, the high-temperature,
high-pressure mixture flows to the oil separator
where the oil is removed from the refrigerant
vapor, filtered, and fed back to the compressor.

7f the refrigerant vapor pressure exceeds
25u 5 psi in the line downstream from the oil
separator, the high-pressure cutout switch will
cause the cockpit EQUIP COOLING caution light
to illuminate and the compressor motor solenoid
valve to shut off hydraulic pressure to the com-
pressor motor, thus shutting down the com-
pressor. If the cutout switch failed to operate
properly, the relief valve in the compressor
discharge line would relieve the system of
pressure in excess of 325 psi.

Refrigerant vapor from the oil separator
next enters the condenser assembly where ram
air lowers its temperature and changes the vall-Jr
to a liquid. Refrigerant pressure on the hig:.
side of the system is controiled :)37 regulating
the amount of cooling air flowinr across the
condenser. A pressure trancducer in the high
side refrigerant line provides a signal to a
control amplifier which in turn Pauses the con-
trol actuator and flap to ope,: and close as
necessary to regulate pressure. The system is
calibrated so that the condenser flap is fully
closed when high side pressure is 107 + 3 psi;
fully opened at 151 + 3 psi condensing pressure;
and modulates the flap travel for intermediate
pressures within that range.

If the cooling air is inadequate to maintain
the pressure at 151 1- 3 psi with the flap fully
open, the system pressure will exceed the con-
trol range. When the pressure reaches 250+ 5
psi, the high-pressure cutout switch will shut
down the vapor cycle system.

From the condenser assembly, liquid Freon
flows to the receiver in the evaporator group
assembly. The receiver stores surplus refrig-
erant and thereby prevents surges in the re-
frigerant flow rate. Liquid refrigerant flowing
from the receiver passes through a subcooler
and then through a filter drier, where foreign
m?"er and water are removed. Before entering
the thermostatic expansion valve, the liquid
refrigerant passes through a sight glass which
provides a visual indication of flow and proper
refrigerant charge.

The refrigerant is metered by the thermo-
static expansion valve and then enters the
evaporator assembly. The hydraulic-motor-
driven evaporator fan forces warm electronic
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equipment compartment air through the evapora-
tor assembly where it is cooled by transfer of
heat to the refrigerant. The refrigerant leaves
the evaporator as a superheated vapor.

The temperature of evaporator discharge air
to the equipment compartment is controlled by
.controlling the speed of the compressor motor.
The evaporator pressure control system main-
tains the refrigerant pressure within a specified
range so that the average temperature range of
the refrigerant is between 29.8 and 32.9 ° +
0.6 ° F. This temperature range consequently
controls air temperature to approximately 38°.
The difference between the air and refrigerant
temperatures is due to the efficiency of the heat
exchanger.

If the equipment compartment temperatu_e
increases, ref -igerant pressure on the low side
will also lac -ease. The increase in pressure is
sensed by transducer located in the compressor
inlet line and a signal is sent to the evaporator
pressure control system amplifier. The ampli-
fier in turn sends an appropriate signal to the
servo portion of the compressor hydraulic motor
calling for a speed increase to preventpressure
increase and thus maintain a constant refrig-
erant pressure. If the temperature increase calls
for a compressor motor speed above a maximum
of 12,000 rpm, the temperature rise cannot be
compensated for and the refrigerant pressure
will rise. At 250 + 5 psi compressor discharge
pressure, the high side cutout switch will shut
the vapor cycle system down.

If the equipment compartment temperature
drops, a reverse situation exists. Compressor
motor speed will decrease to a minimum of
4,000 rpm. If the temperature (at the fan inlet
continues to dropo beyond the range which can be
compensated (30 F), the low temperature cutoff
switch deenergizes the compressor power relay
and shuts down the compressor motor. The
refrigerant stops flowing while the evaporator
fan motor continues to circulate compartment
airz When the fan inlet temperature rises to
40 + 2° F, the compressor is cut in and re-
frigerant flows through the evaporator and the
subcooler and returns to the compresscsr to
repeat the cycle.
COMPONENTS

The purpose and the operation of each major
component in the vapor cycle system are dis-
cussed in this section so that the AME will have
a better understanding of proper system and
component operation.

Subcooler

The subcooler (fig. 5-20) is aheat exchanger
containing passages for liquid Freon from the
receiver on its way to the evaporator and cold
Freon gas leaving the evaporator on its way to
the compressor.

TO FILTER-DRIER

WARM LIOUID
REFRIGERANT
FROM RECEIVER

COLD REFRIGERANT VAPOR
FROM EVAPORATOR

TO COMPRESSOR

AM. 95
Figure 5-20.Subcooler.

The purpose of the subcooler is to increase
the efficiency of the system by cooling the re-
frigerant after it leaves the receiver, thereby
preventing premature vaporization or flash off
after passage through the expansion valve and
before it reaches the evaporator. As stated
previously, the refrigeration effect takes place
when the Freon changes state from liquidto gas.
Premature flash off would result in keeping
additional refrigerant from evaporating and
would have no useful effect on the primary
cooling load required of the package.

The liquid on the way to the thermostatic ex-
pansion valve is relatively warm in comparison
to the cold gas leaving the evaporator. Although
the gas leaving the evaporator has absorbed heat
from the air being circulated through the evapo-
rator, its temperature is still in the vicinity of
40 ° F. This cool gas is fed through the subcooler
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where it picks up additional heat from the rela-
tively warm liquid Freon 12 that is flowing from
the receiver. This heat exchange causes the
liquid to be subcooled to a level that insures little
or no flash gas on its way to the evaporator.

Receiver

The receiver acts as a reservoir for the liquid
Freon 12 refrigerant. The fluid level in the re-
ceiver varies with system demands. During
peak cooling periods, there will be less liquid
than when the load is light. The prime func-
tion of the receiver is to insure that the thermo-
static expansion valve is not starved for refrig-
erant under heavy cooling load conditions.

Filter Drier

A filter-drier (fig. 5-21) unit is installed
in the plumbing between the subcooler and the
sight glass. The unit is essentially a sheet-
metal housing with inlet and outlet connections
and containing alumtha desiccant, a filter screen,
and a filter pad. Its purpose is to filter all con-
taminants and dry any moisture that may
be present in the Freon 12 on its way to the
expansion valve. The alumina desiccant acts as
a moisture absorbent medium. The conical
screen and Fiberglass pad act as filtering de-
vices, removing contaminants.

Clean refrigerant at the expansion valve is
a must because of the critical clearances in-
volved. Moisture may freeze at the expansion
valve, causing it to hang up with a resulting
starvation or flooding of the evaporator.

FROM
SUB-COOLER 0

PERFORATED ABSORBENT
PLATE MATERML SCREEN

TO REFRIGERANT

./ SIGHT GLASS

Figure 5-21.Filter drier.
AM. 96

The filter-drier unit is a "throw away type"
and is replaced whenever the charge is dumped
from the unit after being in service for a reason-
able period of time, or when filter-drier opera-
tion is doubtful.

Sight Gage

To aid in determining whether servicing of
the refrigerating unit is required, a sight gage
is installed in the line between the filter-drier
and the thermostatic expansion valve. The gage
assembly consists of a fitting having windows on
both sides, permitting a view of fluid passage
through the line.

During refrigeration unit operation, if a
steady flow of Freon refrigerant is observed
through the sight glass, this is an indication that
sufficient charge is present. If the unit requires
additional refrigerant, an indication will be
given by the presence of bubbles in the sight
glass. Since Freon is a colorless gas or liquid,
a red colored dye may be added to the liquid to
facilitate leak detection. s is usually accom-
plished upon initial charging of the system.

Thermostatic Expansion Valve

The thermostatic expansion valve (fig. 5-22)
is mounted in close proximity to the evaporator
and acts as a device to meter the flow of refrig-
erant into the evaporator, depending upon system
demand. Efficient evaporator operation is de-
pendent upon the precise metering of liquid re-
frigerant into the heat exchanger for evaporation.
As was previously stated, if heat loads on the
evaporator where constant, an orifice size could
be calculated and used to regulate the refriger-
ant supply. A practical system, however, en-
counters varythg heat loads and therefore re-
quires a refrigerant throttling device to prevent
starvation or flooding of the evaporator which
would seriously affect the evaporator and sys-
tem efficiency. This variable orifice effect is
accomplished by the thermostatic expansion
valve which senses evaporator conditions and
meters refrigerant to satisfy them. By sensing
the temperature and the pressure of the gas
leaving the evaporator, the expansion valve
precludes the possibility of flooding the evapor-
ator and returning liquid refrigerant to the com-
pressor.

The valve consists of a housing containing
an inlet port, an equalizer port, and 25 outle
ports. The flow of refrigerant to the out:e,..
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Figure 5-22.Thermostatic expansion valve.
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ports is convrolled by positioning a metering
valve pin. Valve pin positioning is controlled
by the pressure created by the remote sensing
bulb in the power section, the superheat spring
setting, and the evaporator discharge pressure
as supplied by the external equalizer port.

The remote sensing bulb is a closed system
and is filled with refrigerant. The bulb itself is
placed in a well, attached to the evaporator.
The pressure within the bulb corresponds to the
pressure of the refrigerant leaving the evap-
orator. This force is felt on top of the diaphragm
in the power head section of the valve, and any
increase in pressure will cause the valve
to move towards an open position. The bottom
side of the diaphragm has the forces of the su-
perheat spring and the external equalizer port
pressure acting in a direction to close the valve
pin. The valve position at any instant is deter-
mined by the resultant of these three forces.

If the temperature of the gas leaving the
evaporator increases above the desired super-
heat value, it will be sensed by the remote bulb.
The pressure generated in the bulb is transmit-
ted to the diaphragm in the power section of the
valve, causing the valve pin to open. A decrease
in the temperature of the gas leaving the evapor-
ator will cause the pressure in the remote bulb
to decrease, and the valve pin will move toward
the closed position.

The superheat spring is designed to control
the amount of superheat in the gas leaving the
evaporator. A vapor is said to be superheated
when its temperature is higher than that nec-
essary to change it from a liquid to a gas at a
certain pressure. This insures that the Freon
returning to the compressor is in the gaseous
state. The superheat spring is adjustable and is
factory set to provide approximately 9 degrees
of superheat in this particular vapor cycle sys-
tem. Superheat setting is calculated in relation
to evaporator size and heat loads applied, and
should therefore never be tampered with in the
field as serious inefficiencies will result.

The equalizer port is provided to compen-
sate for the effect the inherent evaporator pres-
sure drop has on the superheat setting. The
equalizer senses evaporator discharge pressure
and reflects it back to the power head diaphragm,
adjusting the expansion valve pin position to hold
the desired superheat value.

The purpose of the multioutlet configuration
of the valve is to insure an even distribution of
the refrigerant in the evaporator.

Evaporator

The evaporator (fig. 5-22) is a plate fin heat
exchanger forming passages for cooling-air flow
and for Freon refrigerant. The evaporator as-
sembly houses a hydraulically driven fan and a
low-temperature cutout switch.

When the vapor cycle system is operating,
refrigerant from the expansion valve flows into
the Freon passages of the evaporator. At the
same time, the hydraulically driven fan is forc-
ing air from the electronic equipment compart-
ment across the coils of the evaporator. The air
is of a rather high temperature, since it is af-
fected by being circulated through the electronic
boxes. This air, in passing through the evapor-
ator, readily gives up its heat to the liquid Freon
12. The Freon is receptive to the heat exchange
and, in absorbing the heat, a change of state
comes about, changing the Freon from a liquid
to a gas at approximately the same temperature
that it was changed from a gas to a liquid. Since
the Freon compressor is maintaining a constant
pressure in the evaporator, the Freon vaporizes
at a temperature that causes the air discharging
from the evaporator to the electronic compart-
ment to be at approximately 40° F. Vapor leav-
ing the evaporator is also at a temperature of
about 40° F.

Attached to the discharge side oi the evapo-
rator is a header duct assembly, bolted to the
perimeter of the evaporator. This header is
used to direct the discharged cooling air to
the various distribution ducts. A set of mbv-
able louvers in the header is designed to act as
a shutoff valve during ground cooling cart oper-
ations. During this time an external cart i 3 at-
tached to a receptacle on the right-hand side of
the fuselage and feeds to the distribution system
for ground operations if desired. This air, how-
ever, would also escape in reverse direction
through the evaporator and discharge into the
forward compartment, thereby reducing the air-
flow to the electronic equipment. The louvers
are actuated by a single control knob located at
the top of the header duct. The knob is a two-
position control (Open and Close) and is pla-
carded to explain operation. To prevent the
louvers from being inadvertently left in the
closed position with the possibility of starving the
avionics gear of cooling air after ground cart
operation has been terminated, an overcenter
device is incorporated. This mechanism will
automatically open the louvers as soon as
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Figure 5-23.Compressor assembly.

a pressure is felt on them from the evaporator
fan. The header duct also contains a discharge
air filter which filters the recirculated air and
.also removes the majority of the moisture (if
present) in the cooling air on its wayto the elec-
tronic equipment.

Compressor Assembly

The purpose of the compressor is to evacu-
ate the evaporator, keeping it at a constant pres-

COMPRESSOR
LUBRICANT IN

DRIVEN MALE
ROTOR

AM.98

sure, and also to superheat the Freon vapor and
feed it to the condenser where it is condensed
back into a liquid for reuse. The compressors
shown in figure 5-23, houses two intermeshing
helical rotors that rotate in counter-rotating
directions. This action causes cool Freon gas
to be taken from the evaporator and com-
pressed. This increases its temperature and

6 pressure to a value where it may be fed to the
condenser for ambient air to change it back into
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a liquid. The compressor controls the pressure
in the evaporator by varying its speed in response
to signals from a suction line pressure switch.

The two intermeshing helical screw type
rotors are enclosed in a close tolerance housing,
containing an inlet and an outlet port. Since the
rotors mesh, they may be distinguished one from
the other by calling one the male and the other
the female.

The male rotor is directly coupled to, and
driven by, a variable speed hydraulic motor. The
female rotor is driven aerodynamically by the
male. There is no physical contact between the
two rotors or between the rotors and case.
Inter-rotor contact is prevented by the rotors
riding on a film of refrigeration oil. Both
rotors arc suspended by three pairs of ball bear-
ings, one set on the discharge end and two pairs
on the inlet end. Bearing lubrication is supplied
by the refrigeration oil. Suitable carbon and
labyrinth seals are incorporated to provide con-
trol of the flow of lubricating oil. Thin ridges
are machined on the eads and flutes of the
rotors to seal the mechanism against excessive
rotor leakage.

The compressor operates on the principle
that if a given volume of gas is trapped and the
area in which it is contained gradually decreases,
the pressure and temperature of the gas will in-
crease. The counter-rotating rotors Are fed a
gas charge from the inlet port. This chargefills
the gully formed by the rotors. As they rotate,
the charge is trapped and forced forward through
the housing. The action of the rotors is to de-
crease the interlobe area in which the charge is
contained as they revolve. This increases the
pressure and temperature of the refrigerant. As
the outlet port is reached, the charge will be
contained in the smallest area during its travel
through the compressor. It is therefore at its
highest temperature and pressure and is dis-
charged into the system.

The variable compressor speed is provided
by the governor-controlled, hydraulically driven
motor, which responds to electronic impulses
from the Freon circuit to increase or decrease
speed as demanded by the cooling load.

The electrical wiring of the speed sensing
system is such that when the equipment cooling
system is shut down, the servomotor will be
driven to low speed. This relieves starting loads
and also precludes the possibility of an over-.
speed during startup.

The compressed Freun gas is discharged
from the compressor and immediately passes

through a check valve which prevents the high-
pressure discharge from motorizing the com-
pressor in reverse at system shutdown.

The compressor section requires lubrica-
tion; therefore, an oil is mixd with the Freon
during system servicing. This oil is also dis-
charged from the compressor outlet and is
reclaimed by the oil separator.

Oil Separator

The oil separator (fig. 5-24) is located down-
stream of the compressor and check valve. It
operates on a centrifugal principle; that is, the
oil mist refrigerant enters the inlet port of the
separator at a tangent to the wall of the cylin-
drical housing. This imparts a swirling or cen-
trifugal action to the mixture. The centrifugal
force has a greater effect on the heavier oil
vapors, causing them to collect on the walls and
the conical screen. The oil drips from the screen
and collects at the bottom of the oil separator.

Oil flows from the bottom of the separator
through an oil flow indicator and filter and is in-
jected into the compressor at the shaft seal
cavity. The refrigerant vapor rises through the
tubular baffle and leaves the separator. A cir-
cular sight gage is provided on the separator to
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allow for checking the level of system oil during
operation, normal oil level being a half full sight
gage.

Oil Flow Indicator

The oil flow ::,dicator in the oil return line is
basically a metal cage with a sight window. It is
used to observe the amount of oil returning to
the compressor and to prevent compressor fail-
ure when no flow is indicated.

Oil Filter

Oil returning to the compressor passes
through a filter which insures a clean oil supply
for compressor lubrication. The filter (fig. 5-25)
has a replaceable cellulose fiber type element.
If the filter becomes clogged, a bypass device
permits unfiltered oil to circulate through the
compressor when the differential pressure
across the filter is greater than 18 to 22 psi.

INLET

DIFFERENTIAL
PRESSURE

INDICATOR

BYPASS DEVICE

SPRING

BOWL

FILTER ELEMENT

Figure 5-25.-Oil filter.
AM.1139

r.;

When the diffe-.-,v.t...,1 lc:7- 06 the
filter is greater tha.:: :.:- rcld
indicator at the top or ti-v..1,..,,ter wid. pop np and
remain extended to pro fide atlIndkation that the
filter requires replacement prior to becoming
completely clogged and bypassing contaminant
oil to the compressor.

The oil filter is designed with an automatic
shutoff feature which permits removal of the
filter element and bowl without loss of the re-
frigerant charge.
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Condenser Ejector Shutoff Valve

The condenser ejector shutoff valve is a
pneumatically operated valve. It is controlled
by a piston through a mechanical linkage. It is
spring loaded to the CLOSED position. A sole-
noid valve on the actuator chamber side of the
piston acts as a bleed off for the air being fed
from an upstream tap of the valve housing. This
air is fed through the hollow piston actuator
shaft to the top side of the piston where it is
bled off as long as the solenoid is deenergized.
Energizing the solenoid closes off the actuator
chamber bleed, and pressure builds up. This
force overcomes spring tension and the valve
opens. Any loss of pneumatic or electrical power
to the valve will cause it to assume a closed
position.

Charging Valves

There are four back-seating charging valves
in the vapor cycle system-three in the evapo-
rator group and one in the c,Th.denser grcup. The
valves are used to facilitate servicing of the
system as one complete unit or servicing of the
evaporator group or cc..ndenser group as indi-
vidual units. The condenser and evaporator
group assemblies are equipped with pick-dis-
connect type refrigerant lines to allow their
removal from the aircraft without a loss of re-
frigerant.

Purge Valves

The refrigerant system is equipped with two
purge valves-one at the evaporator group as-
sembly high point and the other on the condenser
in the top scoop of the aircraft. The valves are
similar to the charge valves. They are used to
bleed the system, when required, and for attach-
ing test equipment or the vacuum pump for sys-
tem evacuation.
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MAINTENANCE

Maintenance of the vapor cycle air-condition-
ing system Eke the air cycle system, will gen-
erally requi.f the joint efforts of personnel
from the AME; t.1 the AE ratings. Malfunctions
of the hydraul-' i otors which drive the com-
pressor and o:.2orator fan will require the
services of an ,1/22.411.

Operatiocai checkout of the vapor cycle sys-
tem can be ac(..omplished several ways. The AE
can perform an operational check of the electri-
cal poriton of the system utilizing a Cooling
System Test ;;;:.t, AN/ASM 232 (XN-1), with the
engines not running.

P?.rforming -in operational check of the com-
plete vapor cycle system without the engines
runnir..7 rrquirc7s external hydraulic and electri-
cal power and a source of conditioned (cool)
air. Th- cooled air L; ducted into the condenser
scoop inlet to pl.-ovide flow through the condenser
for condensing the Freon. As was stated earlier,
thV; function is normally accomplished by ram
air wlen sufficient ram-air flow is available or
by engine bleed air leaving the ejector nozzles
and creating a pressure differential that causes
sufficient flow for cooling on the ground when
the engines are running.

The operational check steps as specified in
the applicable Maintenance Instructions Manual
should be performed in sequence. If a trouble
occurs during a step, it must be corrected before
proceeding. Isolation of the trouble can almost
always be enhanced by referring to the step of
the troubleshooting table that corresponds with
the step of the operational checkout where the
trouble occurred. Table 5-2 illustrates a portion
of the troubleshooting table utilized when per-.
forming an operational check and/or trouble-
shooting with the engines not running.

Operational check procedures and trouble-
shooting tables for checking the vapor cycle
system and isolating malfunctions with the en-
gines running are also provided in the Mainte-
nance Instructions Manual.

If, during a system operational check, a spe-
cific malfunction occurs which is not listed or
covered in the accompanying troubleshooting
table for that operational check, refer to the
general troubleshooting table for the complete
vapor cycle system.

The troubles listed in the general trouble-
shooting table are not numbered and are used to
provide supplementary troubleshooting informa-
tion to cover additional troubles that may occur
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during the accomplishment of the operational
check in any of the methods mentioned (engines
running, engines not running and usingtest set).

Additional Organizational level maintenance
on the vapor cycle system includes servicing
(adding refrigerant and lubricating oil), leakage
testing and correcting of leaks, and removal and
installation of components.

Intermediate level maintenance of the evap-
orator assembly, the condenser group assembly,
ard the air ejector shutoff valve is restricted to
replacement of parts listed in tb.:. Spares and
Repair Parts Data List provided in the Inter-
mediate repair section of the applicable Mainte-
nance Instructions Manual (Part IV). Special
test equipment is required to bench test most
of the vapor cycle components or assemblies
and therefore not all Intermediate level activities
possess the capability to accomplish such main-
tenance.

Since proper servicing of the vapor cycle
system is one of the most important factors
affecting operation, equipment used for servicing
and servicing procedures ar given brief cover-
age in the following paragraphs.

Servicing Equipment

Servicing of the vapor cycle system involves
evacuating and charging of the condenser and
evaporator group assemblies either separately
or preferably together as a system, with re-
frigerant and/or lubricating oil.

The Vapor Cycle Charging Cart (fig. 5-26) is

used to replenish the vapor cycle refrigeration
system with refrigerant and the compressor
with lubricating oil. The major components of
the cart are labeled in figure 5-26. Table 5-3

provides a complete list of the operating con-
trols and indicators shown on the front view of
the cart (fig. 5-27).

The Freon storage bottle has a capacity of
25 pounds of Freon. The bottle is restrained in
the cart by quick-release restraining straps
which permit rapid removal and replacement of
depleted bottles.

The electric-motor-driven vacuum pump is
used to evacuate a refrigerant system prior to
recharging it with Freon. Evacuating or pulling a
vacuum on the system for a short period of time
causes any moisture in the system to be vapor-
ized and withdrawn from the system. Moisture
in the system, if of sufficient quantity, can freeze
at the expansion valve, thus allowing no Freon
into the evaporator and cooling would stop.

1E11
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Table 5-2.Troubleshooting vapor cycle system (engines not running).

Probable cause Isolation procedure Remedy

STEP 17 TROUBLE: BUBBLES AND/OR FOAM IN REFRIGERANT SIGHT GLASS

Inadequate charge. Add refrigerant to system. Refer
to paragraph 3-389.

Fittings, tube assem-
blies, and components.

Check all fittings, tube assemblies,
and components for presence of
oil, indicating refrigerant leakage.

If sight glass does nu: .:Iear up
with proper charge, pro, eed
to next probable cause.

Correct leax and add refrigerant
to system. Refer to paragtaph
3-389.

STEP 20 TROUBLE: NO POSITIVE FLOW OF COMPRESSOR OIL

Insufficient oil in Add oil to system. Refer to para-
system. graph 3-390.

Fittings, tube assemblies
and components.

Check all fittings, tube assemblies
and components for presence of
oil.

If positive flow of oil is obtained,
proceed to step 21 of checkout
procedure.

Correct leak and add oil to sys-
tem. Refer to paragraph 3-390.

STEP 22 TROUBLE: NO VAPOR CYCLE PRESSURE

Evaporator fan in-
operative.

Pressure indicator.

Header damper valve.

Evaporator passages.

Air distribution ducting
defective or improperly
installed.

Check return airflow at discharge
duct on left hand forward side
of STA 356 bulkhe.d.

Check pressure pick up and
plumbing for security, clean-
liness, and damage.

Replace pressure gage with one
known to operate properly.

Check damper valve handle
position.

k.;heck for blockage of evaporator
passages.

Check ducting for proper
installation and condition.

If no airflow is present, refer to
step 17 trouble. EVAPORATOR
FAN DOES NOT OPERATE.

Repair or replace as required.

If trouble is corrected, forward
defective component to next
higher maintenance level.

If knob is in ift position (used for
external t cooling) and fan
is operating, replace header
assembly. Refer to paragraph
3-402.

Remove obstruction.

Repair or replace defective com-
ponents as vequired.

STEP 22 TROUBLE: VAPOR CYCLE PRESSURE GAGE INDICATING IN YELLOW ARC

Insufficient hydraulic
flow from external
source.

Check for 3,000 psi at 25 gpm
output from hydraulic unit.

Adjust hydraulic power supply.
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Figure 5-26.Vapor cycle charging cart.
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Table 5-3.Operating controls and indicators.

Figure 5-27 Index No. Control or indicator

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

Flow control valve.

Vacuum lamp (amber).

Bleeder valve.

Vacuum gage.

VACUUM-OFF-
HEATER switch.

Heater lamp (red).

Freon tank pressure
gage.

Flow control valve.

Oil charging pressure
gage.

Bleeder valve.

Shutoff valve.

Drain valve.

Flow control valve.

Flow control valve.

Flow control valve.

Flow control valve.

Freon liquid level
sight gage.

Function

Pre\.ents vaporized Freon from entering the
charging line.

Illuminates to indicate vacuum system is opei-
at ing.

When open, exhausts Freon vapor in the heater
tank to atmosphere.

Indicates amount of vacuum pressure in system.

Controls vacuum and heater circuits.

Illuminates to indicate heater system is on.

Indicates pressure in the Freon heater tank.

When open, allows gage tube to sense vacuum in
the system for readout at vacuum gage (4).

Indicates pressure in oil charging cylinder.

When open, relieves pressure in the oil charg-
ing cylinder.

Wher, open, allows a flowof Ansul 150 oil through
the charging hose.

Allows drainage of oil from the oil dropout tank.

Opens the vacuum line from flow control valve
(14) to vacuum pump.

Permits flow from unit being evacuated.

Controls flow of Freon from heater tank to charg-
ing hose.

Controls flow of Freon from refrigerant storage
bottle to the heater tank.

Indicates level of Freon in the heater tank.
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'"210 %, , , .1 ,

Figure 5-27.Servicing cartcontrols and indicators.

The vacuum pump has a displacement of 3
cubic feet per minute (cfm) and is rated for con-
tinuous duty.
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The heater tank has a capacity of 360 cubic
inches and an operating pressure rating of 200
psi at 125°F. A liquid level sight gage, mounted
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vertically on the heater tank, indicates the level
of liquid Freon in the tank. A scale, graduated
in pounds and ounces, is mounted alongside the
sight gage and ranges from 0 to 17 pounds. The
tank is also equipped with a compound pressure
gage which is graduated from 0 to 30 inches Hg
(mercury vacuum) and U to 300 psi pressure. A
heating blanket surrounds the heater tank and is
used to heat the refrigerant ior building up tank
pressure sufficient for charging a system.

The oil charging cylinder stores Ansul 150
lubricating oil used to replenish the vapor cycle
compressor oil supply. The cylinder has a capac-
ity of 68 cubic inches and an operating pressure
of 100 psi at 125° F. The cylinder is equipped
with an oil level sight gage and an oil charging
p:essure gage. A scale, graduated in centime-
ters, is mounted beside the sight gage and ranges
from 0 to 800 cc.

The flexible evacuation and charging hoses
are both 180 inches long to accommodate hooking
the cart to the unit being evacuated or charged
without removing the unit from the aircraft.

An aircraft power cable connects primary
electrical power from the cart to the aircraft. A
deck edge power cable or power cble from elec-
tric generating equipment such as the NC-5pro-
vides power to the cart.

NOTE: In addition to the controls and indica-
tors listed in table 5-3, a circuit breaker is lo-
cated in the back left-hand side of the cart to
provide overload protection for the cart elec-
trical system. A shutoff valve on the bottom end
of the Freon storage bottle (fig. 5-26) is utilized
to allow a flow of liquid Freon from the storage
bottle to the heater tank or charging lines.
Servicing/Charging

Whenever any unit in the refrigerant system
is disconnected, the compressor oil filter should
be checked for contamination. If contaminated,
the filter element should be replaced.

Removal of components in the system will
first require that refrigerant be depleted from
the system or group assembly. The refrigerant
is depleted in the following manner:

1. Remove the cap from the upper charge
valve of the evaporator group assembly.

2. Connect a flexible hose to the charge
valve and place the opposite end in a well-venti-
lated area where it will not constitute a hazard
to personnel.

WARNING: Appropriate eye protection should
be worn and skin contact with the refrigerant
should be avoided.

3. Remove the safety plug from the charge
valve.

4. Slowly unscrew the bleeder plug in a
counterclockwise direction and deplete system
pressure.

As was previously stated, the preferred
method for charging the vapor cycle system is
as a complete unit. Charging of the evaporator
or condenser group as individual units is pos-
sible. Due to the similarity in charging the in-
dividual units and charging the complete vapor
cycle system, coverage in this section will be
limited to charging of the complete system which
is accomplished as follows:

1. Connect one ond of a flexible hose to the
upper charge valve of the evapordtor group as-
sembly and the other end in a suitable container
for accepting refrigerant.

2. Open the charge valve and permit refrig-
erant to slowly drain from tt system. When
draining is completed, remove the draining hose.

3. Position the vapor cycle charging cart
near the aircraft and connect the evacuation hose
to the upper charge val7e and start the cart
vacuum pump. The vacuum pump is started by
placing the VACUUM-OFF-HEATER switch
(table 5-3, Rein 5 and fig. 5-27) to the vacuum
position with valves 8, 13, and 14 open and all
other valves closed.

4. Permit the vacuum pump tu run until a
vacuum of 1.0 cm of mercury is indicatedon the
cart vacuum gage (4). This will normally require
about 30 minutes of pumping.

5. When the correct vacuum is achieved,
close the upper charge valve, then shut off the
vacuum pump and disconnect the evacuation hose.

6. Fill the servicing cart refrigerantpres-
sure cylinder (heater tank) to the 15-pound level
mark on the liquid sight gage. This is accom-
plished by opening the Freon storage bottle shut-
off valve and the bleeder valve (3). The bleeder
valve is opened to allow displacement of air in
the heater tank. Me Freon in a liquid state in
the storage bottle is under pressure and will
easily flow into the heater tank.

7. Connect the cart pressure cylinder sup-
ply hose to the lower charge valve on the evap-
orator group assembly, but do not tighten the
coupling.

8. Actuate the heater switch,(5)on the serv-
icing cart. Allow the heater to remain ON until
100 psi is indicated on the tank pressure gage
(7).

Open the cart refrigerant control valve
(15). Loosen the coupling on the lower charge
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valve so that refrigerant will displace air tr:Ip-
ped in the charging hose, then tighten the cou-
pling.

10. Open the lower charging valve and charge
the complete vapur cycle system with 12pounds
of refrigerant as indicated by the scale beside
the liquid sight gage.

11. Close the charge valve and the servicin
cart refrigerant contlol \tali/ ,15). Disconnect
the charging hose and store it in the cart.

12. Start the vapor ycle system and place
the MODE SELECTOR switch Li MAN position.
Hold the MANUAL TEMP CONT s'Yitch in the
DEC position for 35 seconds.

13. Check the oil flow indicator for a r--itive
flow of oil which would indicate an adequat r. oil
charge.

14. Reset the MODE SELECTOR switch to
the AUTO position and shut off the vapor cycle
system.

ADDING REFRIGERANT.-11 a refrigerant
system is merely low on Freon caused by a leak
which has been corrected, it can be topped off
or added to in the following manner:

1. With the servicing cart connected to the
aircraft in the same manner as was previously
described for charging the complete system and
the vapor cyc1e s'..I em ON, open the lower
charge valve and it small quantities of re-
frigerant into the s..3Lem, usingthe charging cyl-
inder valve (15) to meter the flow.When bubbles
in the refrigerant sight glass have cleared, add
one additional pound of freon and close t
charge valve.

2. Clos the charging cylinder valve and
disconnect the charging hose and store it in the
cart.

3. Reset the MODE SELECTOR switch to
the AUTO position a:. before and then shut off
the vapor cycle sy:,ti.rn.

ADDING LUBRICATING OIL. If the liquid
level sight gage on the oil reservoir indicate!,
that lubricating oil is low, it maybe added in the
following manner:

1. Fill the servicing cart oil charging cyl-
inder with 700 cc of Ansul 150 lubricating oil.
Pressurize the cylinder by connecting it to the
Freon charging system of the cart and opening
valve (1) until tiw oil charging cylinder pressure
gage reads 85 psi.

2. Start the vapor cycle system (thls is
always accomplished following the specific in-
structions provided In the Maintenance Instruc-
tions Manual).

3. Connect the supply hose from the oil
charging cylinder to the lower charging valve on
the evaporator group. Do not tighten the coupling.
Open the oil cylinder supply line and purge the
supply hose until oil escapes from the coupling,
then tighten the coupling.

4. Place the MODE SELECTOR switch in
MAN position and hdld the MANUAL TEMP CONT
switch in DEC position for 35 seconds. This will
increase the speed of the refrigerant com-
pressor.

5. Open the lower charge valve and let oil
flow into the system until the oil level is in the
top quarter of the oil reservoir sight glass. Close
the charge valve and shut off the oil cylinder.
Disconnect the hose from the charge valve and
store the cylinder in the service cart.

6. Reset the MODE SELECTOR switch to
the AUTO position and shut off the vapor cycle
system.

SAFETY PRECAUTIONS

To prevent injury to personnel and damage
to equipment, the following safety precautions
and handling procedures should be observed when
working with Freon:

1. When handling Freon, protective equip-
ment (apron, gloves, goggles, and face mask)
must be worn.

2. U liquid Freon comes in contact with the
skin, treat the 3kin for frostbite.

3. U liquid Freon comes in contact with the
eyes, medical attention must be sought imme-
diately. The following first aid treatment should
be administered: Do not rub or irritate the eyes;
drop sterile mineral oil into the eyes; then wash
the eyes with a boric acid solution if the irrii.1-
tion continues.

4. Freon is stored in cylinders that are
color coded orange with appropriate lettering for
identification. These cylinders should be handled
carefully because the pressure inside the cyl-
inder depends upon the ambient temperature.
Refrigerant cylinders should not he exposed to
high temperatures or flames. Cylinders that are
used for high-pressure liquids should never the
thrown around, dropped, or used for anything
other than their intended purpose. Refrigerant
cylinders should never be filled to more than 85
percent of their capacity.

5. Freon tends to dissAve natural rubber;
therefore, only the recommended gaskets, 0-
rings, and packIngs should be used in the vapor
cycle system.
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MAINTENANCE DOCUMENTATION BY
AN ASSISTING WORK C ENTER

Malfunctions of the air-conditioning system
could be of an electrical or mechanical nature
or, in the case of the vapor cycle system cov-
ered in this chapter, it could be electrical,
mechanical, or hydraulic. When isolation and
correction of a malfunction requires the serv-
ices of more than one rating and/or work cen-
ter, the work center that the discrepancy is most
likely to concern is designated the primary work
center. Any other work centers which are in-
volved in either the isolation or correction (or
both) of the discrepancy is designated as the as-
sisting work center.

The assisting work center will account for
its manhours utilizing a single copy Maintenance
Action Form (MAF). Figure 5-28 provides an
example of a single copy MAF originated by an
AME assigned to work center 131 who provided
assistance to the activity's electric shop in per-
forming an operational check of the vapor cycle
system and correcting a discrepancy.
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The data elements on the MAF turned in by
the assisting work center will match those on
the MAF turned in by the primary work center
except as follows: Block 5 v. 'I ,ct the as-
sisting work center's code, I 1, ICk 1% will show
0 items processed, and bloc! s 11 .1c1 15 will
reflect the manhours and elai .aaintenance
time actually used in assisting the primary work
center.

Block 7, the action date, may or maynot dif-
fer since it reflects the date oi completion of the
assistance and not the correction of the primary
discrepancy.

No entries will appear in blocks 20, 21, 31,
or 40.

The narrative description and corrective ac-
tion may or may not be the same as that of the
primary work center.

Complete information for documenting main-
tenance actions is provided in Military Require-
ments for Petty Officer 3 &2, NavPers 10056-C,
and OpNav Instruction 4790.2 (Series).



CHAPTER 6

UTILITY SYSTEMS

The utility systems of an aircraft provide an
additional measure of flight safety, pilot com-
fort and convenience, and contribute to the over-
all mission capabilities of the aircraft, Those
utility systems of primary concern to the AME
and included in this chapter are the various
auxiliary bleed-air systems, fire extinguishing
systems, life raft ejection systems, coolanol
type liquid coolant systems, and thermal radia-
tion protection systems.

AUXILIARY BLEED-MR SYSTEMS

In addition to being used for pressurizing
and air conditioning the cockpit and electronic
equipment compartments, jet engine bleed air
is used for a number of other purposes. Among
these uses are the defrost/defogging of the
canopy and windshield; windshield washing,
anti-icing, and rain removal; inflation of the
canopy seal; pressurizing of the pilot's anti-g
suit; pressurizing of fuel tanks and hydraulic
reservoirs; and wing and tall leading edge de-
icing/anti-icing. These systems are all gen-
erally referred to as auxiliary bleed-air sys-
tems.

-M.ne systems are tapped into the cockpit/
cabin air-conditioning and pressurization sys-
tem; however, each auxiliary system has its
own controls for turning air off and on, limiting
pressure, etc. Figure 5-1 provides an example
of a typical air-conditioning and pressurV.ation
system. Note the variety of auxiliary bleed-air
systems tapped off the system ducting at various
points and the auxiliary bleed-air system con-
trols located on the master air-conditioning
panel. Bleed-air controls on thin panel include
the defog airflow thumbwheel control, anti-
icing, windshield washing, and rain renwval
controls, These auxiliary syMems are typical
of those found (et most carrier type :iireraft.

Several individual systems and associated
components are described and illustrated in
this chapter.

DEFROST/DEFOGGING SYSTEMS

A typical defrosting/defogging system in-
stallation is shown in figure 6-1. The bleed air
supplied to the defog outlets (diffusers) is a
pressure regulated and temperature controlled
mixture of direct engine bleed air and bleed air
that has been slightly cooled by passing through
the main section of the ram air heat exchanger.
(See fig. 5-1, ch. 5.) The pressure of the de-
fogging system air is regulated by the action of
the defog pressure regulator-shutoff valve.

Cockpit controls consist of the defog airflow
control thumbwheel. (See the master air-con-
ditioning control panel fig. 5-1.) The thumb-
wheel shuts the defog system off and on by
closing or opening the butterfly valve of the
pressure regulator-shutoff valve and controls
the pressure (airflow) of the defog air within
the limits of the valve.

Moving the thumbwheel from the OFF posi-
tion to position setting 1 turns the system ON.
Further movement of the thumbwheel in the
clockwise direction to a higher setting (num-
bered 1 through 14) increases the flow of defog
air through the pressure regulator-shutoff valve.

A temperature sensor, high limit switch,
temperature control valve, and electrical tem-
perature controller operate to automatically
maintain the temperature of defog airflow sup-
plkal to the canopy and windshield diffusers at
approximately 240' F. Thin temperature control
hi basically achieved by the defog and equipment
cooling temperature controller, causing the de-
fog temperature control valve to cycle from
open to close. Cyclhig of the temperature con-
trol valve regulates the flow of engine bleed air
going to the tApply lines and mixing with the
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DEFOG
THERMAL
SWITCH

.".

CANOPY DEFOG
CONTROL CABLE

CANOPY DEFOG
CONTROL VALVE

........... ....,
/I, ..... . I. .....

.

DEFOG
TEMPERATURE
SENSOR

CANCPY DEFO
SHUTOFF VAL`

DEFOG TEMPERATURE
CONTROL VALVE

DEFOG PRESSURE
REGULATOR SHUTOFF
VALVE

DEFOG AIRFLOW
CONTROL THUMBWHEEL

Figure 6-1.Defogging system.

partially cooled air flowing from the main sec-
tion of the ram air heat exchanger. (See fig.
5- 1.)

Defog Pressure
Regulator-Shutoff Valve

The defog pressure regulator-shutoff valve
illustrated In figure 6-2 Is pneumatically oper-
ated and solenoid controlled. When the DEFOG
AIRFLOW thumbwheel is in the OFF position
the solenoid is deenergized. Air from the u:;,-
st ream side of the butterfly valve passes through
the control air p' tee to chamber "A" and
pant the pilot val , assembly to chamber "BV
With equalized pressure on both sides of the
large diaphragm, the .!IL lssuie on tho

7 i)

1143

diaphragm and the spring force . arge
diaphragm combine to close th hutt(....t)
and/or hold it closed.

Enet gizing of the solenok ')y s the
thumbwheel from OFF to poaiti , 1, ' ..;ds air
from chamber "B" through th iid, and
air pressure acting on the chamk. "A" sided
the large diaphragm causes the butterfly valve
to open.

As the valve ope.. downstream air is ap-
plied through the downstrPam prey, ure sensing
line to the bottom side of the pilot regulator
diaphragm. The regulator valve stem unseats
and permits upstre..n control airflow to cham-
ber "B". As the airflow thumbwheel is turned
clock,,.ire to higher numberee settings, less
prossure is felt at the bottom of the pilot
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Figure 6- l.D«,fog pressure

regulator' diarl:ragm. Conseuently, the regula-
tor valve stem is lciv.-ered into the pilot valve
assembly, restricting airflow to chamber "B"
and increi.ang the pressure in chamber "f,.."
This c, ,ses the butterfly /live to open furtly2r,
inerear in,, he airflow through the valve.

downsi.ream duct pressure exreeds the
values of the regulator setting, the pilot valve
would open furly and, sini:e the opening in Ole
soleooid valve is small, it would not be capable
of bleeding off the Increased airflow into cham-
i.ei. Tho buildup of air pressure in cham-
oer "B" would move the butterfly valve tr
the closed position until iires:4ure ii redu, oc1
to within regulation limits.

Defog Temperature Control Valve

The defog system temp( l'ature con:rol valve
IS similar to the air-conditioning systeLishutoff

LARGE
DIAPHRAGM

SOLENOID
VALVE

:AJMER "B"

kM.1144
reTulator-shutoff valve.

arid temperature cont. ,1 tes covered in
chapter 5, and therefore additional coverage
is provided in this chaptc, , As previouslystated,

1,e valve operates in r: iponue to electrical
signals from the defog and equipment (elec-
tronic) cooling temperature controller.

Canopy Defog Shut)1. r ve

The c.,nopy defog shutoff valve (fig. 6-1) is
a simple n'hi :10,rated spring-loaded
butterfly valve. The body the valve forms a
part of the defog diffuser L.,cting. As the canopy
Is closed, a r, which is rigidly connected
to the butterfly valve, is aligned with a striker
mounted on tho end of the canopy center
beam. The striker moves the lever to open the
butterfly valve arid allow defog airflow to the
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canopy diffusers. When Hie canopy opens, spring
tension closes the butterfly valve and blocks
the airflow.

Canopy Defog Control Valve

The canopy defog control valve (fig. 6-1) is
a manually operated butterfly valve located aft
of the canopy shutoff valve in the inlet ducting
to the canopy diffusers. The valve is manually
controlled by a cable-connocted actuating lever
located on the canopy overhead center beam.
This valve provides a means of manually con-
trolling the defog airflow through the canopy
diffusers. Partial closing of this valve will
direct a larger portion of available defog air-
flow to the windshield diffusers to provide a
more rapid defogging/defrosting action. A rapid
change .in altitude and subsequent outside air
temperature surrounding the aircraft could
frost or fog the windshield and/or canopy and
present a flight hazard. Since directional vision
through the windshield is generally more im-
portant than side vision through the canopy dur-
ing altitude changes, it may be desirable or
necessary to insure that the windshield receive
some priority of defrosting/defogging airflow.

WINDSHIELD WASHING, ANTI-ICING,
AND RAIN REMOVAL SYSTEMS

Aircraft windshield washing, anti-icing, and
rain removal systems are designed to wash,
dry, and deice the pilot's and copilot's wind-
shield or windscreen. On aircraft with a side by
side seating arrangement to accommodate a
pilot and copilot, both windshield panels are
washed, dried, and kept clear of rain. On dual
arrangem 's whore the right seat is occupied
by a rada, intelligence officer, bombardier
navigator, observer, etc., the right windshield
panel may or may not be serviced by such a
system.

Figure 6-3 provides a schematic of a typical
windshield washing and rain removal system
where washing, drying, and rain removal are
provided only to the pilot's windshield panel.
The system is controlled by the three-position
switch located on the master air-conditioning
panel.

When the switch is placed at the WASH posi-
tion, the windshield washing valve solenoid is
rner gized and the valve directs pressure regu-
rAted partially cooled air from the aircraft's
ir-conditioning arid pressurizati(m system

auxiliary heat exchanger to the windshield
washing tank. The tank contains a mixture of
50% methyl alcohol and 50% water. Pressure
forces this mixture from the tank through the
windshield washing nozzles and onto the left-
hand wind.i.Aeld panel.

Pla':infr, the windshield switch at the AM
position f-:n e r iz s the solenoid of the rain re-
moval nr. sure regulator-shutoff valve. The
valve so allow hot engine bleed airflow
throi...;,, the .alve to the rain removal nozzle
assembly. Figure 6-4 shows the windshield
wash and rain removal nozzle installation and
the manner in which hot engine bleed air is
mixed with ambient air and directed at the wind-
shield panel.

The pressure regulated bleed air discharg-
ing from the ejector nozzle into the ejector
passage creates a suction or low-pressure area.
Ambient air is drawn into the ejector, mixed
with the bleed air, and then forced into the
plenum chamber where it is distributed to the
nozzles that direct the partially cooled (still
hot) air in a wide stream across the entire
windshield panel. The plenum chamber provides
an approximately equal pressure to each nozzle.
The temperature of the the air exiting from the
nozzles will vary, depending upon engine speed
and outside air temperatures.

Windshield Washing Valve

The windshield washing valve (fig. 6-3) con-
trot., o'ile air pressure to the windshield washing
fluid tank. It is a combination valve, providing
pressure regulation, shutoff and dumping, check
valve, and relief valve features.

When the valve solenoid is deenergized, the
inlet port is sealed from the outlet port, and
the outlet port is open to the exhaust port. When
the shutoff valve is seated, the linkage pin be-
tween the shutoff valve and the relief valve
holds the relief valve off its seat, venting the
tank to ambient. Therefore, in the deenergized
position, the valve is performing the functions
of a shutoff valve and dump valve.

Energizing the solenoid (windshield switch
in the WASH position) opens the shutoff valve
and seats the relief valve. Partially cooled
bleed air passes through the pressure reducer
valve and the check valve and out the outlet
port. Pressure buildup in the passage from the
check valve to the shutoff valve section acts
upon the pressure regulating diaphragm. The
diaphragm rises as the pressure builds, slowly
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Figure 6-4.--Windshield wash and rain removal nozzles.

reducing the opening of the pressur2 reducer
valve until the pressure at the outlet port
stabilizes at approximately 9 to 10 psi,

If the pressure in the washing tank exceeds
approximately 13 psi, the relief valve will open

167

I. 7

AM.1146

to keep the tank pressure within safe limits.
The check valve in the windshield washing
valve prevents washing fluid from flowing back
through the pressure reducer valve. This could
occur if inlet pressure drops below tank and
outlet pressuri
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Outlet air pressure can be adjusted exter-
nally by loosening the locknut and turning the
screw to adjust the spring tension against the
pressure reducer valve. Turning the screw
clockwise increases the outlet pressure.
Counterclockwise movement reduces the outlet
pressure. When adjusting pressure, the outlet
line to the tank should be disconnected and a
pressure gage installed in the outlet port.

Rain Removal Pressure
Regulator-Shutoff Valve

This pneumatically operated, solenoid con-
trolled valve regulates outlet bleed-air pressure
at the valve to approximately 76 psi. While the
physical appearance of the valve is slightly
different than the defog pressure regulator-
shutoff valve (fig. 6-2), the principle of opera-
tion of the two valves is identical and no further
coverage is provided.

CANOPY SEAL SYSTEMS

On most pressurized airc raft, provisions are
made for sealiag the canopy by making use of
engine bleed air to inflate a rubber tube which
forms a pressure-tight seal between the canopy
and the fuselage. Initiation of seal inflation and
deflation is caused by mechanical, electrical, or
hydraulic means. An electrically controlled and
a mechanical/hydraulic controlled system will
be covered in this section.

Electrically Controlled
Canopy Seal System

A typical electrically controlled canopy seal
system installation is illustrated in figure 6-5.

An air pressure regulator maintains the
proper pressure within the seal by combining
the functions of a pressure regulator, relief
valve, and shutoff valve. A spring-loaded check
valve is installed in the line between the high-
pressure duct and the pressure regulator. This
valve prevents pressure from backing into the
engine bleed-air system duct when testing the
canopy seal system and also tmps pressure in
the canopy seal in case of engine failure.

Ground pressurizing facilities are provided
for testing during maintenance and pressurizing
the canopy seal when the aircraft is stored on
the carrier deck. These facilities are usually
mounted on the cabin air pressuro test panel as
shown in figure 6-3. One connection is used for

ground test; the other, which it; normally the
seal vent, is used for ground pressurization of
the canopy seal. Ground pressurization is ac-
complished without the use of electric power on
the aircraft. An air bottle with a regulator is
connected to the seal vent and ground pres-
surization connection, and 15 psi air pressure
is applied to the canopy seal. The external air
pressure must remain attached to the connection
to maintain pressure in the seal. When the air
bottle is disconnected, the pressure in the seal
is dumped.

NOTE: The seal vent and ground pressuriza-
tion port has a small screen over the outlet
which must be kept clean and free from
obstructions.

Components

The components which make up the canopy
seal system are shown schematically in figure
6-6. Of the components shown, only the pressure
regulator and the canopy seal are discussed in
detail.

PRESSURE REGULATOR.The canopy seal
regulator consists of three main sections: an
air inlet and pressure regulator section; an air
outlet, dump, and shutoff section; and a pressure
relief sect ion.

The air inlet and pressure regulator section
incorporates a spring-loaded diaphragm that
controls a poppet va - to regulate the pressure
of outlet air. An adjustment screw at the top of
the housing can adjust the regulating mechanism
to maintain any desired pressure between 10 and
30 psi.

The air outlet, dump, and shutoff section
incorporates a solenoid-operated poppet valve
that is spring loaded to a normally closed posi-
tion. When 28 volts d. c. is applied to the solenoid
(canopy closed and locked), the poppet valve will
close a dump port in the housing and open a
shutoff passage. Regulated air from the inlet
and pressure regulator section can then flow
through the valve to inflate the canopy seal. When
the solenoid is deenergized (canopy open), the
poppet valve closes the shutoff passage and opens
the dump port. This shuts off the flow of supply
air, and the seal pressure is allowed to dump
through Hu, valve (vent port) to the overboard
vent line.

The pressure relief secti.-n incorporates a
spring-loaded diaphragm that responds to seal
pressure to open or close an escape vent. If seal
nressure reaches a maximum of 22 psi, the

63

175



Chapter 6UTILITY SYSTEMS

CANOPY SEAL

OUICK DISCONNEU

TO AFT CANOE'

DEFROST A.
ANTI ICE
AIR DUCT

TO FORWARD -, ,-------- EQUIPMENT
CANOPY '',-----------J PRESSURIZATION

AIR PRESSURE
REGULATOR

CABIN AIR
PRESSURE

TEST PANEL

CANOPY SEAL
AIR PRESSURE
REGULATOR

-- SEAL VENT AND
GROUND PRESSURIZATION
CONNECTION

EXTERNAL
GROUND TEST
CONNECTION

AM.104
Figure 6-5.Canopy seal system instalizd.tion.

escape vent opens and allows excessive pres- sive pressure from building up within the
sure to drain to the atmosphere through a bleed regulator when the shutoff passage to the seal is
hole. The relief section also prevents exces- closed.
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in the event of an electrical failure, the regu-
lator automatically dumps as the solenoid is
deenergized.

The canopy seal pressure regulator ports are
marked IN, CANOPY, and VENT to insure proper
installation.

CANOPY SEAL.The canopy seal is an in-
flatable tube which is designed to fit in the
crevice between the canopy frame and the fusel-
age frame. The seal is made of rubber and is
designed for installation on the canopy without
the use of adhesives. The seal is attached by
inserting a molded flange into a U-shaped groove
which is installed on the canopy. Figure 6-6
provides a cross-sectional view of the seal.
The flange-to-channel installation facilitates
easy removal and installation of the canopy seal.

The canopy seal is attached to the system by
means of a short piece of tubing which extends
from the interior of the seal through the bead.
Treads on the seal contacting surface (fig. 6-6)
mate with the surface of the cockpit frame to
provide increased sealing qualities when the
canopy is closed and the cockpit is pressurized.

Operation

Power for the operation of the pressure
regulator is routed from the aircraft's 28-volt
d-c electrical power system t!rough the canopy
latched switches to the solenoid-operated com-
bination dump and shutoff valve. When the
canopies are closed and locked (with the engines
running), the solenoid is energized, thus causing
the shutoff valve to open and the dump valve to
close. (See A, fig. 6-6.) This allows regulated
air to pressurize the canopy seal.

Should the canopy seal pressure reach a
maximum of 22 psi (dile to rapid altitude
changes), the relief valve in the regulator will
open (F fig. 6-6) and vent the excess pressure
overbo.,Ir i through the bleed hole in the regulator.

When ?ither canopy is opened, the electrical
circuit is broken, removing power from the
solenoid. The dump valve then moves (spring
loaded) to open the vent port and shut off the
Pow of air to the seals (C, fig. 6-q). With the
VENT port open, canopy seal pressure flows
back through the dump valve and vents over-
board, thus deflating the seals. Seal pressure,
in this instance, flows through the VENT port of
the valve to the canopy seal vent fitting on the
cabin air p...ssure test panel where it is vented
overboard.
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Mechanical/Hydraulic Controlled
Canopy Seal Eystem

The canopy seal control valve illustrated in
figure 6-7 performs basically the same function
as the electrically controlled valve covered
previously and illustrated in figure 6-=3. The
primary difference in the two valves is the
means of controlling them. This valve is
mechanically actuated to initiate inflation of the
canopy seal and is hydraulically tripped to shut
off and dump seal pressure.

As the canopy approaches the fully closed
position, the canopy structure contacts the valve
spring cover, slightly compressing the spring
inside. The compressed spring causes t! valve
plunger to move against the beUcrank. The
bellcrank, in turn, forces the disc valve as-
sembly to move downward against spring pres-
sure, closing the bleed-air dump vent and open-
ing the lower disc valve to port regulated
WeNI-air pressure to the canopy seal.

The bleed air utilized to inflate the seal has
been cooled by passing it through the auxiliary
heat exchanger of the aircraft's environmental
control systems. The pressure of the bleed air,
as it enters the canopy seal valve and flows into
the regulating chamber, will be in a range of 30
to 250 psi.

As bleed-air pressure in the regWating
chamber builds up, the diaphragm of the adjust-
able pressure regulator section of the canopy
seal valve will maintaii. a regulated air pressure
to the seal in a range from 13 to 18 psi. The
relief valve in the regulating chamber is set to
open at 24 psi as a safety backup in the event of
regulator failure.

When the canopy swita is positioned to
OPEN, hydraulic pressure from the canopy open
,ne first flows to the canopy seal control valve.

The hydraulic pressure acting on the piston
causes the piston, the bellcrank, and the plunger
to move against spring tension. Trfpping of the
belle rr.nk allows the disc valve assembly to move
upwards, shutting off bleed-air pressure and
dumping canopy-seal pressure. The seal deflates
and then the canopy proceeds to open. As the
canopy structure moves away from the plunger,
spring tension is relieved and the bell crank stays
in the dump positic:.

Notice in the seal dumped and canopy opening
view (fig. 6-7) that the relief valve is open. The
closinr of the lower disc valve, which stops
incoming bleed air, causes a momentary over-
pressurization within the pressure regulating
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chamber. The relief valve will open until the
pressure within the chamber has had time to
act on the reg-ulating diaphragm and close the
bleed-air inlet valve and pressure drops below
24 psi.

ANTI-G SYSTEMS

The purpose of an anti-g system is to supply
air pressure for inflating the pilot's anti-g suit.
The anti-g suit is worn to counteract the effects
of prolonged acceleration on the pilot. The ill
effects of such acceleration may range from
excessive fatigue and decreased alertness to
blackout and unconsciousness.

Though there is no limit to the speed a
human being can endure in straight and level
flight in an aircraft, changing speed or direction
can lead to reactive forces of inertia to which
the body has a sharply limited tolerance. In the
case of extreme stresses exerted by acceleration
of the type met in seat ejection, the short dura-
tion of the acceleration restricts its effects.
However, changing the direction of flight often
produces prolonged radial acceleration (longer
than a second) which can have dangerous effects.

At 5 g's the pilot's body is exposed to a force
of inertia which increases its "weight" andthat
of its components five times. This increased
"weight" has many effects. The pilot is pushed
down into his seat. His arms and legs feel like
lead, and manipulation of the controls becomes
more difficult. addition, the extra weight of
the viscera (internal organs) causes abdominal
and chest discomfort. Most important, however,
is the effect on the circulatory system.

At 5 g's the pressure exerted bv the_column
of blood between the heilrand the heart becomes
just about equal to the blood pressure in the
arteries. As a result, the pressure supplied by
'he heart is not great enough to pump an adequate
supply of blood to the head.

To counteract these effects, the arterial
pressure must be increased above the heart
level. At the same time, distended vessel:: and
tissue and fluid spaces in the regions below the
heart must be restored to normal. This is ac-
complished by the anti-g suit. With the anti-g
system, compressed air is metered to the suit
in proportion to the acceleration, and the suit
compresses the legs and abdomen of the wearer
by an amount proportional to the acceleration.
Thus, the suit prevents venous pooling in the
abdomen and lower extremities and forces blood
from the lower to the upper part of the body.

This effect increases venow: return to the heart
and increases resistance to the shifting of blood
to the lower limbs. In addition, it causes the
diaphragm to be raised and thus decreases the
distance between the heart and the eyes and/or
the brain. Altogether, it increases the toler-
ance of the pilot an average of about 2 g's.

Without an anti-g suit, the average pilot can
wi.thstand 4.5 to 5.5 g's without losing vision or
blacking out. With a suit, he is capable of with-
standing 6.0 to 7.0 g's. However, this protection
is available only for sustained accelerations of
4 to 5 seconds or longer in maneuvers other
than snap maneuvers. Anti-g equipment does not
offer protection in snap maneuvers where 10 to
12 g's can be applied in approximately 1 second.
Such brief forces are not as harmful to the body
as lesser forces which are sustained for a num-
ber of seconds.

Typical Anti-G System

Most anti-g systems are similar to the one
illustrated in figure 6-8. The anti-g system
usually consists of a supply line, an air filter,
a pressure regulating valve, a connecting hose,
and a suit attachment fitting (quick disconnect).
The air pressure supply line is connected into
the aircraft's bleed-air system downstream of
the heat exchanger.

The air pressure for inflating the anti-g suit
is regulated by the pressure regulating (anti-g)
valve. The pressure regulating valve begins to
function at a predetermined number of g's. The
amoimt of pressure delivered depends on the type
of regulator installed in the aircraft. NOTE:
.There are two types of anti-g valves in current

usea two-stage valve and a single-stage valve.
The operation of the anti-g system is auto-

matic except for systems which utilize the two-
st-ige valve. The pilot plugs his anti-g suit into
the quick disconnect; and when the aircraft is in
flight, air pressure is supplied to the suit in
proportion to the g load imposed on the aircraft.
Operation of the pressure regulator and various
other components is discussed in the following
paragraphs.

Pressure Regulating (Anti-G) Valves

PRESSURE REGULATING VALVE (TWO-
S'AGE).This regulating valve is a standard
unit which is used on several naval aircraft
models. The regulating valve is mounted on the
console near the pilot's seat,.
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Figure 6-8.Anti-g system schematic.

The pressure regulating valve regulates the
pressurized air received from the aircraft's
bleed-air system to provide the proper pressure
for the operation of the pilot's anti-g suit. The
valve begins to function at a predetermined
number of g's. Pressure deliverea depends
upon the setting of the control knob (fig. 6-9)
which is marked HI and LO.

When the control knob is set at LO, the valve
opens at approximately 1.75 g's and then subse-
quently, allows 1 psi air pressure to pass to the
suit for each additional increment of 1 g. For
example, at 3 g's the valve delivers 1.25 psi
air pressure to the suit.

When the control knob is set at HI, the valve
opens at approximately 1.75 g's and then delivers
1.5 psi air pressure for each increment of 1 g
above 1.75 g's. For example, at 3 g's the valve
allows 1.87 psi air pressure to pass to the suit.

When accelerations decrease below 1.75 g's,
the valve closes ai:A exhausts the suit pressure
into the cabin atmosphere, thus allowing the sin
to deflate.

The valve as ubly contains a relief valve
that acts as a . ,fety device by limiting air
pressure to the ftt in case of a valve failure,
a test button ti 'aciitate inspection of valve
operation, and t.. connection fittings.

COOLED
BLEED AIR

AM.1148

One of the connection fittings, marked IN,
receives "e inlet air pressure from the engine
compres ..Jr section; the other fitting, marked
OUT, on the relief valve side, delivers outlet
pressure to the anti-g suit. There are three
additional screened openings on the valve, but
they do not serve as connection points. They
are the discharge 1 utlet, the suit vent, and t!.P
relief valve opening. It is necessary that the
air from these openings be discharged into the
cockpit atmosphere in order to maintain proper
differential pressures in the suit.

A manual test button is located in the control
knob recess for testing the valve for operation.
The pressure regulating valve requires no
maintenance and no repairs can be made. A
defective valve assembly should be replaced with
a new unit.

PRESSURE REGULATING VALVE (SINGLE-
STAGE).The newer aircraft are designed with
an anti-g system which has a single-stage type
pressure regulating valve. This valve (fig.
6-10) utilizes the high-pressure features of the
two-stage valve.

The valve begins to open at approximately
1.5 g's, and pressure is supplied to the
suit at the rate of 1.5 psi for each addi-
tional g.
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Figure 6-9.Anti-g valve (two stage).
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This valve is designed to receive air pres-
sure from the bleed-air system at varying
pressures and to meter a maximum of 10 psi to
the anti-g suit. A relief valve bleeds off the
excess air pressure and maintains a maximum
of 9 to 11 psi in the valve outlet cirlmber. Figure
6-11 illustrates the operation of the single-stage
ant i-g valve.

When a force of approximately 1.5 g's is
exerted on the aircraft the activating weight
overCOmeS the upper spring tension and closes
the exhaust valve (A, fig. 6-11). As the weight
travels downward, it further depresses the valve
assembly, forcing the demand valve from its
seat, thus overriding the pressure of the lower
spring and opening the demand valve. Air pres-
sure then flows past the open demand valve,
through the valve outlet into the valve outlet
line, through the suit quick disconnect, and into
the anti-g

As the g forces being applied to the aircraft
are stabilizeci and becomes constant, the pres-
sure under the activating weight diaphragm
builds up sufficiently to lift the weight and to
reduce the pressure on the valve ossembly
enough to close the demand valve (B, fig. 6-11).
The demand valve closes under pressure of fix
heavier lower spring, while the exhaust valve
remains closed by the activating weight. The
suit pressure is then trapped in the outlet
chamber of the anti-g valve and remains con-
stant until the g forces change.

As the g forces decrease, the dm 'ward
force on the activating weight diminishes to a
point at which the upper spring lifts the weight
off the exhaust valve. The pressure in the suit
is then vented through the exhaust port (C, fig.
6-11) into the cockpit.

Anti-G System Filter
Figure 6-12 illustrates .an anti-g system

filter. It is installed in the air pressure supply
line before the ant i-g system pressure regulating
valve as shown in figure 6-8. The filter pre-
vents foreign matter, dust, and abrasives from
being blown through the lines into the regulator.
The filter element is removable and should be
replaced at the interval prescribed in applicable
maintenance requirements card deck or as spe-
cified in the Maintenance Instructions Manual.

Quick Disconnects

The anti-g suit is connected to the anti-g
system by means of a quick-disconnect coupling.

EXHAUST
PORT

RELIEF
VA LV E

PRESS TO TEST
BUT TON

PRESSURE INLET

PRE0S,I,TE

OuTLE
(TO SUIT!

AM.109
Figure 6-10.Anti-g
regulating valve (single

This quick disconnect may be a single
unit which connects the anti-g or.y, or it
may be a composite quick disconnect .v:tic:i con-
nects the pilot to the various personaV oervice
lines (oxygen, ventilating air, anti-g system, and
communications).

ANTI-G QUICK DISCONNECT.- -The anti-g
system quick disconnect is used on aircraft
which are not equipped with a composite quick
disconnect attaeled to the ejection seat. This
disconnect is t)i) a hose wMch protrudes throLgh
the pilot's consol.i. It is attached by a
hose to the cmtVA p(.rt of the anti .g izessure
regulating valve. Thi, 74.iscc:elect :may be pulled
up to a bumper s::op to 1.1.:.ilttate. connecting the
anti-:, hose A spring-loaded cover on the
die' ::ect prevents the entry of foreign material

t the system is not in use.
0,0M POSITE QUICK DISCONNECT. The

ne:v t.gri-perfort, Ance aircraft utilize com-
positi'l quick disconnect to provide a single point
connection for quick connecting and disconnect-
ing the anti-g, oxygen, ventila;.wn ,ir, and com-
munications systems to the pilot's eq...1pment.

The composite quick disconnect ilhistrated
in figure 6-13 provides a connection for all of
the previously mentioned systems. Some dis-
connects provide a connection point for only
one or more of these systems with any remaining
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Figure 6-11.Anti-g valve operation (single stage).

system connections located on the left or right
cockpit conwles as necessary to provide easy
connecting and disconnecting.

A.M.110

This disconnect consists of three se3 :rate
blocks. The lower block is attached to the air-
craft, the intermediate block is attached to the
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OUTLET MOUNTING
BRACKET

F IL-ER HOUSING

FILTER ELEMENT
HOUSING

INLET

_EMENT
( P/N AN 6235-2A)

"0" RING PACKING
(P/N AN 6230 I)

FILTER BOWL

Figure 6-12.Anti-g system filter.

survival it, and the upper block is part of the
pilot's personal leads disconnect assembly.

NOTE: The survival kit mentioned above is
used to house the pilot's life raft, first aid kit,
and the emergency supply of oxygen. It forms
i.he pilot's seat in the ejection unit and is de-
tached from the unit when the pilot leaves the
seat after ejection.

The lower block of the composite quick dis-
coLnect is connected to the cockpit deck under
the seat by a lanyard. It provides a means of
separating the aircraft's personal services from
the seat in the event of ejection. A ball locking
mechanism is incorporated to lock the lower
block to the intermediate block. An emergency

AM.111

oxygen system interlock mechanism is used to
actuate the emergency oxygen system when the
ejection seat is fired.

The lower block is pulled from the survival
kit during the ejection sequence by the release
lanyard, which is attached to the cockpit deck.
A ditching ring attached to the release lanyard
releases the lower block when the pilot leaves
the aircraft after ditching (a crash landing at
sea).

The intermediat9 b!ock is secured to the
survival kit container ana provides a mounting
receptacle for the upper and the lower blocks.
The intermediate block contains an emergency
oxygen feature which automatically provides the
pilot with oxygen when the seat is ejected from
the aircraft.
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The upper block is c).. to the upper
surface of the intermediate block. The connec-
tion between thE upper and intermediate block
is sealed with 0-rings, located in the upper
block.

The upper block release knob is used to
disengage the upper block from the intermediate
block. The upper block locking indicator (red
button on the manual release) snould be flush
with the release knob when the blocks are
properly locked together. The proper locking
of the lower block to the intermediate block is
indicated by the lower block locking indicator
flag. If the lower and intermediate blocks are
properly locked together, the flag will be held
firmly in position as indicated in figure 6-13.
If the flag is free to move up and down, the
blocks are not properly locked.

VENT-AIR SYSTEMS

Vent-air systems provide a flow of air to the
aircr-ft's seat or back cushions or to the ven-
tilating air connection of the antiexposure suit
when worn by the pilot and/or crewmembers.
The system provides a definite measure of
personal comfort, offsetting the discomfort
caused by the wearing of the antiexposure suit
or heat created by cockpit equipment and high
temperature ambient air.

Some vent-air systems, such as the one in-
stalled in the A-4 model aircraft, supply air to
only one individual and operate on a small in-
dependent motor-driven air blower. Most newer
aircraft utilize engine bleed air that has been
cooled in the aircraft air-conditioning system
auxiliary heat exchanger as a primary source of
ventilation air. A schematic of a typical vent-
air system that operates off engine bleed air
is illustrated in figure 6-14.

This system is supplied cooled bleed air from
the refrigeration unit of the aircraft's cabin air-
conditioning and pressurization system and hot
bleed air from the hot bleed-air ducting just
downstream of the engine bleed-air shutoff
valve as illustrated in figure 5-1. The hot and
cold bleed-air lines converge into one condi-
tioned air duct that is connected directly to the
pilot's and bombardier/navigator's flow con-
troviers and the personnel services disconnect.

femperature control of the vent-system air
Is regulated between 50°F and 100° F by the vent
suit temperature selector, the temperature con-
trol valve, a temperature sensor, and the cabin
and vent suit temperature controller. The com-

180

ponents of the temperature control system cause
the temperature control valve to cycle between
open and close. Thus, temperature control is
maintained by governing the flow of hot engine
bleed air that is being mixed with cool air from
the refrigeration unit.

The vent-air system is turned on by the vent
suit switch. This switch is an integral part of
the pilot's flow controller. When the flow con-
trol valve thumbwheel is rotated slightly from
the OFF position, the circuit between the tem-
perature sensor and the cabin and vent suit
controller is completed. The controller re-
sponds to signals from the temperature sensor
and the temperature selector and supplies open
and close signals, as appropriate, to the vent
suit temperature control valve.

The vent-air flow controllers, as the name
implies, control the flow of air from the vent-
system ducting to the personnel services dis-
connects and the seat cushion or the vent con-
nection of the antiexposure suit. One controller
is provided for each crewmember. The con-
troller has an inlet connector, an outlet con-
nector, and a thumbwheel-operated flow con-
troller. The thumbwheel shaft connects to a
rotating plug which gradually opens or closes
off the outlet port as it rotates up to a maximum
of 180 degrees. The flow controller will be fully
open when turned to the full counterclockwise
pos it ion.

The temperature selector is a thumbwheel-
operated potentiometer, located on the pilot's
console, aft of the flow controller thumbwheel.
Only one temperature selector serves both vent
suit outlets. The thumbwheel is numbered 1
through 14, and the console is labeled HOT and
COLD. Turning the thumbwheel clockwise to the
lower numbered settings lowers the tempera-
ture of vent system air. Counterclockwise
movement towaas the hot position and the
higher numbered settings increases the tem-
perature.

Response to temperature changes initiated
by repositioning the temperature selector
thumbwheel will be noticeable at the discon-
nect outlet within a few seconds after making a
selection change. When the aircraft is in a
stabilized flight condition (maintaining a steady
altitude), the temperature of vent air will be
monitored and controlled within a + 2 °F tolerance
of the temperature selected by the temperature
selector thumbwheel. When the aircraft is
transisting (changing altitude), the temperature
is maintained within a ±-10°F tolerance.
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Figure 6-14.Vent-air system.

The thermal switch senses any abnormally
hIgh temperatures not compensated for by the
temperature sensor and will provide a signal,
via the cabin and vent suit temperature con-
troller, to the temperature control valve to
drive it towards the closed position.

The system pressure relief valve protects
the system from accidental overpressurization.
The relief valve will open as necessary to pre-
vent vent-system ducting pressure from ex-
ceeding 10 psi.

The check valve prevents conditioned air
from backing up into the environmental control

AM.1,50

system th,cting. Cooled air flows through the
check valve, is mixPd with the appropriate
amount of hot bleedair, and is forced into the
vent-air system ducting.

MAINTENANCE

01.ganizational level maintenance of the
auxiliary bleed-air systems discussed in this
chapter generally includes the removal and re-
placement of components and associated plumb-
ing, periodic inspections, and performing of
operational checkouts.

Some steps of the operational checkout will
be performed by personnel of the AE rating
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utilizing an environmental control test set like
thc one mentioned in chapter 5. Most steps of
the operational checkout will be accomplished
by the joint effort of j..ersonnel from both the
AME and AE ratings.

During periodic inspections, the auxiliary
bleed-air system ducting is inspected for pres-
sure tightness and general integrity. A leak in
any high-pressure bleed-air line can result in
a concentration of heat and subsequent damage
to surrou iding aircraft structure and compo-
nents,

Suspected leaks should be checked and cor-
rected prior to further flight. The periodic
inspectons should always be accomplished
with strict conformance to the applicable
Maintenance Requirements Cards (MRC's).
Removal and installation of any components
should be accomplished as outlined in the
specific Maintenance Instructions Manual.

Insure that all tubing connectors (Marman
clamps, V-band couplings, etc.) are installed,
torqued, and safetied properly and that each
maintenance action is verified by a quality
assurance representative or a collateral duty
inspector.

Windshield Anti-Icing and Rain
Removal Operational Check

When performing an operational check of the
windshield anti-icing and rain removal system,
insure that the time limit for directing hot
bleed air onto the windshield panel is not ex-
ceeded. The windshield panels are installed
with space allotted for normal expansion, bii
excessive heating of the panel will cause ab-
normal expansion and the stress of the panel
against the surrounding structure could cause
the panel to crack.

On some aircraft, a windshield overheat
warning light is provided on the instrument
panel. The warning light will glow whenever the
air temperature directed on the panel exceeds
a predetermined value (usually about 300°F).
Canopy Seal System

A report of fluctuating cabin pressurization
or a lack of pressurization co,:ld be caused by
a leak in the canopy seal. Inspection of the
canopy seal should be accomplished on every
occas ion of inspecting the ai..craft's pressuriza-
tion system. The seal must be inspected closely
for cuts, tears, cracks, abrasion, detprioration,
and any other damage that could result in leakage.

The procedure for performing a leakage test
of the canopy seal illustrated in figures 6-5
and 6-6 is as follows:

I. Apply external electrical power to the
aircraft.

2. Close and lock canopies.
3. Connect external air source and rate-of-

flow meter to the canopy seal ground test fitting.
4. Pressurize the canopy seal to 20 psig.
5. Shut off air supply source for a period of

15 minutes.
6. Insure that leakage during the 15-minute

period does NOT exceed 2.0 psig.
7. If leakage is excessive, check for leaks in

system by using soap (MIL-S-4282A) and water
solution on fittings and seal.

8. Disconnect external air source and rate-
of-now meter.

9. Disconnect external electrical power.
Damaged or leaking seals should be removed

and repaired or replaced. Slight tears and
abrasions confined to small areas can oc-
casionally be repaired with sealant as spec-
ified in the applicable Maintenance Instructions
Manual.

A typical removal and installation proce-
dure is described in the following paragraphs.

REMOVAL PROCEDURE.The canopy seal
is removed as follows:

I. Remove the canopy in accordance with
the instructions contained in the applicable
Maintenance Instructions Manual. Place the can-
opy in a suitable cradle in order to gain access
to the canopy seal.(See fig. 6-15.)

2. Start at the canopy seal connection at the
aft end of the canopy and gently pull the seal
from the canopy channel.

3. Continue pulling the seal from around the
ent ire canopy.

4. With the seal removed from the canopy
channel thoroughly clean the channel of dirt and
other foreign material.

5. Disconnect the clamp which secures the
canopy seal hose to the pressure line.

6. Inspect and test the seal. If the seal is
found damaged, pi ocure a new seal for installa-
tion.

INSTALLATION PROCEDURE.The canopy
seal is installed as follows:

1. Position the seal in the canopy with the
seal hose at the aft end of tl-e canopy and aligned
with the tubing access notch in the canopy chan-

A nel. Utilize a piece of cord to pull the seal stem
through the opening in the seal retainingchannel
as shown in figure 6-15.

18?
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Figure 6-15.Canopy

2. Connect the seal hose to the system pres-
sure line and tighten the retaining clamp.

3. Start at the seal hose and insert one edge
of the canopy seal flange into the channel sToove.

4. Force the opposite edge of the Leal flange
into the seal groove utilizing a blunt edged in-
strument as illustrated in figure 6-15. The tool
may be fabricated from 1/8-inch thick aluminum
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seal installation.
AM.1151

with the end filed to form a smooth curve
that will not damage the seal.

5. Work in both directions from the seal
hose until the entire seal flange is installed in
the channel.

6. If the seal is too short or too long at the
completion of the installation, work the seal
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around the entire channel, either stretching or
compressing to gain or remove the slack.

7. Check to insure that the seal flange is
deeply and smoothly installed in the channel and
securely connected to the pressure line.

8. Install the canopy on the aircraft.
9. Perform an operational check on 4.he

canopy installation and the canopy seal system.
Many of the components of the auxiliary

hleed-P.ir systems can be partially disassembled
repaired at the Intermediate level mainte-

ranc.e activity. Section IV of the applicable
ktenance Instructions Manual provides

:.3ting ef parts available in kits or as individual
items and replaceable at the AlMD level. Re-
pair procedures in section IV include disas-
sembly, cleaning, inspection, reassembly, and
testing as necessary to return the part to a
ready for issue (RFI) condition.

Parts that cannot be repaired utilizing the
paz-ts available to the AIMD are forwarded via
the supply system to the designated Depot level
maintenance activity for complete overhaul.

DEICER/ANTI-ICING SYSTEMS

On days when there is visible moisture in
the air, ice can form on the aircraft leading
edge surfaces at altitudes where the freezing
temperature starts and above. Water droplets
in the air can be supercooled to a below freezing
temperature without actually turning into ice
unless they are disturbed in some manner. This
unusual occurrence is partly due tu the surface
tension of the water droplet not allowing the
droplet to expand and freeze. However, when the
aircraft surfaces disturb these droplets they
immediately turn to ice on the aircraft sur-
faces.

The ice may have a glazed or rime appear-
ance. The glazed ice is smooth and hard to
detect visually. The rime ice is rough and
easily noticed.

Frost is formed as a result of water vapor
being turned directly into a solid. It can form
on the aircraft surfaces in two ways. First, it
can accumulate or the aircraft parked in the
open overnight \viten the temperature drops
below freezing and proper humidity conditions
exist. Second, it can form on aircraft surfaces
which, after flying at very cold altitudes,
descends rapidly into warm, moist air. In this
case, frost deposits will result before the
structure warms up because of the marked
cooling of air adjacent to the cold skin.

The hazards of ice or frost forming on the
aircraft are the resulting malformation of the
airfoil, which could decrease the amount of lift
and the additional weight and unequal formation
of the ice, which could cause unbalancing of the
aircraft, making it hard to control.

Enough ice to cause an unsafe flight con-
dition can form in a very short period of time,
thus some method of ice prevention or removal
is necessary.

Presently there are two methods for elim-
inating or preventing ice. One method, deicing,
employs a mechanical system to break up and
remove the ice after it has formed. The second
method, anti-icing, uses heated bleed air to
prevent the formation of ice. The deicing sys-
tems are common to older aircraft and are now
generally being replaced by anti-icing systems.

DEL:ER BOOT SYSTEMS

The deicing system for the wing and hori-
zontal and vertical stabilizer leading edges of
the E-2 aircraft provid:-..' an example of a typical
deicer boot type system. The system removes
accumulated ice from the leading edge surfaces
by inflating and deflating rubber deicer boots,
which are bonded to the leading edges.

The cells or tubes of the deicer boots (fig.
6-16) are inflated and deflated alternately by
applying pressure and suction, causing a wave-
like motion which cracks the formed ice and
allows it to be carried away by the airstream.

The E-2A deicing system illustrated in
figure 6-17 is pneumatically operated and elec-
trically controlled. Engine bleed air provides
the necessary air pressure. The bleed air is
regulated by the pressure regulator and relief
valve. Suction is provided by the ejector and
regulated by the suction relief valve. Suction
and pressure gages provide a means of moni-
toring system suction and pressure readings
which indicate proper or improper system
operation.

Components

The deicer system consists of the following
main components: electronic timer, three dis-
tributor valves, pressure regulator and relief
Ialvfl, ejector, suction relief valve, the deicer
boot sections, and pressure and suction gages.

ELECTRONIC TIMER.The timer controls
the inflation and deflation of the deicer boots
by alternately energizing and deenergizing the
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Figure 6-16.Deicer boot location/operation.

the solenoids of the distributor valves in a
specific sequence. Pressure and suction are
applied to the boots in the following sequence:
the inboard wing boots, the outboard wingboots,

the outboard stabilizer and vertical fin boots,
and the inboard stabilizer and fin boots.

Each group of boots is inflated for approxi-
mately 5 seconds, and the succeeding group
begins inflating approximately 10 seconds after
the first group begins deflating. The total time
for the complete inflation cycle to all four boot
groups is approximately 1 minute. The timer
is a sealed unit and is maintained by personnel
in the AE rating.

DISTRIBUTOR VALVES.Each of the de-
icing system's three distributor valves (fig.
6-17) has a pressure inlet port, a suction inlet
port, two outlet ports to the deicer boots, and
an exhaust port. The exhaust port routes air
returning to the distribution valve in the de-
flation cycle, overboard to a low-pressure
area. The low-pressure exhaust area creates
a slight suction to assist in deflation of the boot.

The pressure inlet port is connected to the
engine bleed-air mainfold pressure line. The
suction port is nrinected to the main suction
line from the tor. Approximately 4 in. Hg
suction is available at all times to the dis-
tributor valves.

Each distributor valve has two solenoids
which, when energized, allow air pressure to
inflate their respective boot tubes as was shown
in figure 6-16. When the solenoids are de-
energized, the valves allow suction to be applied
to the boots, holding them down (deflated) in
flight.

When the deicing system is operating and
one of the solenoids is energized by an elec-
trical signal from the electronic timer, it
causes the distributor valve servo controlled
by that solenoid to change the inlet to the boots
from suction to pressure. The boot tubes
served by that outlet will inflate for the pre-
determined time interval controlled by the
timer.

When the solenoid is deenergized, air from
the boot tubes flow through an integral check
valve in the distributor valve and out the ex-
haust port until the pressure drops to ap-
proximately 1 in. Hg. At this time the boot is
again ported to the suction manifold, through
the distributor valve, and any remaining air is
evacuated, fully collapsing the boot tubes as
illustrated in figure 6-16.

PRESSURE REGULATOR AND RELIEF
VALVE.This valve converts the uncontrolled
bleed air to a regulated air pressure of ap-
proximately 18 psi and routes it to the three
distributor valves and the pressure gage.

185

109



AVIATION STWVTURAI. NIFCIIANIC 1.: 3 k 2

MAIN RO\A ER
28v, DC DI',TRIBUTION

LEFT BOX CB PANEL

TRANSEORMER
REC1IFIER

BUS

OVERHEAT,
CONSOI,
CR PANEL

ii---7-1:T-15"--.---6C/ASA
1-0

I LEFT TR BUS I WING
. ' FDR a I TAILj L_DEICE

ANTI ICING
DE ICING AND
DE FOG PANEL

A

C

8

SOLENOID A

SOLENOID 8

DISTRIBUTOR
VALVE

SUCTION GAGE

PRESSURE GAGE /

OF F

0--
ON

IDEF N J B K
ELECTRONIC

TIMER

SOLENOID A

SOLENOID B

ELECTRON C
TIMER

DISTRIBUTOR
VALVE

LEGEND

MECUM

311MC

IIMININI

INFORM

ENGINE BtEED AIR

PRESSURE

SUCTION

PRESSURE AND
SUCTION

FLOW DIRECTION

PRESSURE REGULATOR
/ AND RELIEF VALVE

EJECTOR

SUCTION
RELIEF VALVE

A

Figure .2A deicing system schematic.

The combination valve is basically separak
regulator and relief valves with the two valve
bodies brazed together. A sensing line allows
air downstream of the valve to be ported to the
diapnragrn in the valve's regulating chamber
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in nr cl' the same manner as the defogpressure
r'g fo--shutoff valve illustrated infigure 6-2.

r-essure builds up downstream, the
diaptii-gm raises, compresses the regulating
spring, and raises the inlet valve toward its
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seat. "Len it predcterinnwd outlet pressure
is reac' td. the inlet valve is tully seated. shut-
ting ;f e flow of hleed air throu 'he valve.
When the di,..vnstream pressui., .1...Ts below
tin V riilatr s-tting, it redires the air pres-
sure undez .11, diaphragm and the regulating

fore .. f11 inlet valve off its seat, al-
mlet ai to re tore the system operating

pressure.
'rhe relief valve sect nm of the valve is held

in the seated position by spring pressure until
the air pressure ill the .nitlet port exceeds a
predetermined safe value.

In the event that the regulator diaphragm
ruptures or the regulating portion of the valve
fails for any reasim, the relief valve ean func-
tion as a pressure regulator as well as a relief
valve to temp.u.arily protect the downstream
deicer system components from excessive pres-
sure.

EJECTOR.The ejector unit consists of a
pressure port, a venturi, an overboard port,
a.-id a suction port. As air pressure from the
pressure manifold enters the inlet pressure
port, it creates the necessary sugion at the
suction port and in the main suction line to the
distributor valves for deflating the deicer boots.

SUCTION RELIEF VALVE.The suction re-
lief valve installed in the suction manifold lines
leading from the ejector to the tail section dis-
tributor valve regulates deicing system suction.
When suction in the manifold lines becomes
excessive, the spring tension that seats the re-
lief valve is overcome and the valve opens to
permit compartment air into the suction mani-
fold lines until the su_iion pressure is reduced
to approximately 6 in. Hg.

An adjusting nut on the relief valve is used to
adjust the tension on the spring that seats the
relief valve. "On aircraft" adjustment is gen-
erally prohibited.

DEICER Boars.The rubber deicer boots
(fig. 6-16) are attached to the leading edge
surfaces with cement or fairing strips and
screws, or a combination of both. On the E-2A,
they are bonded to the leading edges with ce-
ment and tapered slightly to provide a smooth
airflow over the boot and wing, wh(n the boots
are deflatod.

Removal, installation, and repair of the
deicer boo' -, are the responsibility of personnel
in the AMS rating.

PRESSURE G ',GE. The deicing system
cockpit-mounted pressure gage indicates the
pressure available for inflating the deicer boots

when tne 1-stem is operating. The gage is
calibrat...o from 0 to 20 psi in 1-inch incre-
ments. Norn.al system operation is indicated
hy a slight pressure fluctuation of the pointer.
ThIs fluctuation is caused by a momentary drop
in pr-ssure at the beginning of each inflation
peried for each deicer boot group. A steady
reading of 18 psi on the gage indicates a non-
operating condition.

SUCTION GAGE.The deicer system coil:-
pit-mounted suction gage indicates the suction
avaibble for deflating the deicer boots. The 0
to 10 in, Hg gage is calibrated in major Mere-
ments of 1 in. Hg and minor increments of 0,2
in. Hg. Slight pointer fluctuation indicates
proper system operation as was the case with
the pressure gage. A steady reading of 6 in.
lig on the gage indicates a nonoperating con-
dition.

Maintenance

As was previously indicated, maintenance of
deicer boot systems is normally performed by
personnel of the AMS, AE, and AME ratings.

Personnel of the AMS rating are primarily
concerned with the removal, installation, and
miscellaneous repairs of the deicer boots. AE
personnel are concerned with removal, replace-
ment, and repair of deicer system electrical
components.

lie AME is generally responsible for all
other components of the deicer system, AME
personnel assigned t2 the Organizational level
of maintenance are ;ponsible for removal
and replacement of :-..AI:anctioning components,
maintenance of assc, -d plumbing, and ren-
dering of assistance ;nor personnel in the
performance of orer:c, iunal checkouts and
troubleshoot ing.

Some steps cf the operational check, as
outlined in the applicable Maintenance Instruc-
tions Manual, are performed utilizing external
electrical power and an external air supply.
The air supply is connected to the bleed-air
line test connection and must be capable of
supplying a pressure of 50 to 90 psi. Remaining
steps of the operational checkout :-equires that
one of the aircraft's engines be started.

NOTE: Personnel turning up naval aircraft
must be fully qualified, designated in writing,
and carry a current turnup card in accordance
with OpNav 4790.2 (Series) Instruction.

All steps of the operational checkout must
be performed in the sequence outlined in the
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MINI. When a trouble occurs during a step, it
must be corrected before proceeding to the
next step.

Troubleshooting, removal and replacement
of components, and the operational checkout
should always be accomplished in accordance
with the specific instructions provided in the
applicable Maintenance Instructions Manual with
appropriate emphasis on quality workmanshop
and inspection.

AME personnel assigned to the Intermediate
level maintenance activity (AIMD) will become
involved in miscellaneous component repair of
select deicer components as indicated in the
Component Repair Section (IV) of the M. In-
structions in this section of the MINI include a
list of replacement parts and cure date kits,
etc., available to the Intermediate level of
maintenance, consumable materials, support
-nnipment, and manpower requirements neces-
sary to accomplish limited repair.

Repair of components involves partial or
complete disassembly, cleaning, inspection, re-
pair and parts replacement, reassembly, and
testing. Quality assurance during repair of the
components is mandatory at specified steps to
verify proper inspection, assembly, and test-
ing. Quality assurance steps in the MIM are
underlined, italicized, or identified in some
other conspicuous manner specified in the in-
structions for using that particular MIM.

BLEED-AIR ANTI-ICING SYSTEM

The wing anti-icing system of the P-3 air-
craft provides a typical example of a hot wing
anti-icing type system. The system utilizes
hot compressed bleed air from the aircraft's
engines to prevent ice formation on the leading
edges of the wings only.

The system illustrated in figure 6-18 can
also be considered a deicing system in that it
will also remove ice formed on the aircraft on
the ground. In flight the aircraft ice detector
system warns the pilot of icing conditions so
that he may take appropriate action.

Description/Operation

The hot engine bleed air utilized in the wing
anti-icing system is ducted from two ports on
the 14th stage of each of the aircraft's four
engines. The airflow is orifice regulated to
maintain a fixed percentage of engine airflow
for all flight altitudes and speeds.
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Airflow from the two ports of -ach engine is
ducted through common check valves to a bleed-
air nacelle shutoff valve located aft of the 14th
stage engine firewall. Ducting from this shutoff
valve connects to a common cross-ship ducting
assembly.

The engine nacelle bleed-air shutoff valve
serves the dual purpose of permitting passage
of anti-icing air in one direction to the cross-
s:,ip ducting and allows engine starting airflow
to pass in the opposite direction for starting the
engine. It is a butterfly type, normally closed
valve, which is opened only for the two previously
stated circumstances. The valve will automati-
cally close during engine emergency shutdown,
regardless of the control switch position. The
valve butterfly is fitted with two piston rings,
similar to automotive piston rings, to compen-
sate for expansion and contraction of valve
parts, thus preventing binding while still main-
taining proper sealing characteristics.

Electrical controls for the various valves
in the ice protection (anti-icing) systems are
located on the aircraft's ice protection over-
head panel. The panel illustrated in figure 6-19
is located on the flight station (cockpit) over-
head.

The fuselage bleed-air shutoff valve, one in
each wing, isolates the wing ducting from fuse-
lage ducting as well as one wing duct section
from the other.

A drain valve is provided in the fuselage
crosship manifold section for draining any con-
densation in the system caused by high humidity
conditions. Operation of the valve is automatic.
It will open when the duct-to-ambient air pres-
sure differential is between 0 and 2psi and close
at a differential of 5 psi and above.

The temperature of the wing leading edge
is controlled by the amount of air passed
through the ejector assemblies by the anti-
icing modulating valves. An ejector assembly
manifold tube and a typical hot wing construc-
tion view are provided in figure 6-20 and 6-21.

Pneumat ic thermostats control the six modu-
lating valves located throughout the anti-icing
system. One valve accommodates each of the
inboard, center, and outboard sections of each
wing leading edge. Therefore, the temperature
of each wing section is individually controlled.

Components

WING ANTI-ICING (MODULATING) VALVE.
The six modulating valves maintain a constant
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A:13 EXHAUST OUTLETS

Abb.

SKIN
TEMPERATURE
SENSOR

Figure 6-21.Hot wing

bleed-air temperature for anti-icing and act
as shutoff valves when anti-icing is not required.
The valves are electrically controlled by switch-
es on the ice control and protection panel and
modulate in response to temperature and pres-
sure changes detected by the wing leading edge
pneumatic thermostats. A cross-sectional view
of the wing leading edge and the anti-icing valve
and the manner in which the leading edge
components are installed are provided in figure
6-22.

Each valve has a solenoid valve which, when
energized admits bleed air from the upstream
sensing port, through the filter and pressure
regulator to the unvented side of the valve
diaphragm. The vented side of the diaphragm
is spring loaded to close the valve. When air
pressure is admitted to the unvented side of
the diaphragm, the increase in chamber pres-
sure causes the valve spoon assembly (butterfly)
to open and admit air into the particular ejector
tube assembly section.

An increase in air temperature in that sec-
tion causes the pneumatic thermostat for that
section to open a bleed passage from the dia-
phragm chamber of the modulating valve, thus
rz?ducing pressure and allowing the actuator
closing spring to modulate the valve towards

Tk,
F

ft44.

e

,TNOQGH FOR
EJECTOR
MANIFOLD

AM.1157
construction view-leading edge.

the closed position. The valve will continually
modulate to maintain a condition of balance
between airflow and temperature.

PNEUMATIC THERMOSTAT.The pneuma-
tic thermostat shown in figure 6-23 is composed
of a probe and I alve sections. The probe housing
contains a core made of high and low expansion
materials which attach to a sliding piston. The
piston contains an override spring andaball type
metering valve. Airflow over the core material
causes the core material to expand or contract,
depending on the temperature of the air. As the
temperature around the core material rises, the
core pulls the piston and metering ball off the
seated position, allowing the unvented side of
the modulating valve diaphragm to be vented to
ambient. The higher the temperature the larger
the bleed opening until the modulating valve
completely closes. As the modulating valve
approaches the closed position, the airflow de-
creases and the temperature drops.

The thermostats located in the outboard wing
section of each wing are set to maintain a tem-
perature of approximately 145° F. The inboard
and center section thermostats maintain a tem-
perature of approximately 120° F.

EJECTOR MANIFOLD.The ejector mani-
folds are mounted in a trough in the wing leading
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Figure 6-23.Pneumatic thermostat.

edge as illustrated in figure 6-21. Their purpose
is to evenly distribute the hot air from the modu-
lating valve into the wing leading edge plenum
area mixing section. (See fig. 6-21 and 6-22.)

The ejector manifold is basically a stainless
steel, step tapered tube with a row of jet noz-
zles aiong its entire length to direct hot air
through the jet pump venturi that mixes the
hot bleed air with leading edge plenum air.
This mixed air is then directed into the double
skin, hot air passage of the wing leading edge.

The small end of the ejector is anchored to
the wing structure to prevent rotation. The re-
maining length of the ejector is supported at
each rib by clamps which permit longitudinal
motion to compensate for tube expansion and
contraction.

PRESSURE RELIEF VALVE.Five spring-
loaded doors are built into the lower fillet area
of each wing to act as pressure relief valves.
The spring tension holds the doors closed until
overcome by wing leading edge pressure. When
anti-icing pressure within the wing reaches
approximately 5 psi, the door opens slightly to
relieve pressure overboard.

TEMPERATURE INDICATING AND OVER-
HEAT WARNING COM PONENTS. Temperature
sensors located in each wing section will illu-
minate a caution light on the ice control and
Protection panel if the skin temperature in-
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creases beyond 230° F at any one c" the sensor
locations. The wing temperature rotary switch
(fig. 6-19) can then be used to select the various
sensor positions and thus provide a means of
checking the temperature of the slrin at each in-
dividual sensor location. The temperature is
indicated on the indicator gage adjacent to the
selector switch. The sensor units are capable
of sensing temperatures ranging from 00 to
350° F.

Three thermal switches and nine bleed-air
overheat warning switches throughout the anti-
icing system provide the pilot with a caution
light indication of improper system operation
(out of limits temperature).

EMPENNAGE ANTI-ICING/DEICING.The
empennage anti-icing and deicing system of the
P-3 is a completely electrical system utilizing
electrical heating element parting strips to pre-
vent or remove ice. Both the horizontal and ver-
tical surface leading edges are protected in
this manner Since the electrical system is the
responsibiliL, of personnel in the AE rating, no
coverage is provided in this manual.

Maintenance

The leak test switch located on the ice con-
trol and protection panel is used to determine
whether leakage in the anti-icing system is within

2 0 I
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acceptable limits. Excess leakage ('an be caused
by leakage at system valves or ducting connec-
tions. With the aircraft engines running, the
anti-icing system is pressurized to perform the
leak test as follows:

1. Utilizing the switches on the control panel
fig. 6-19), open the No. 4 engine bleed-air valve
and close the other three bleed-air valves.

2. Keep the No. 4 bleed-air valve open until
:he bleed manifold gage on the panel indicates
27 psi, then move the switch to the closed posi-
:ion.

3. Press the test switch. Pressure on the
nanifold gage will drop and if after 8 seconds
ielay the system is acceptable, the leak test
kCCEPT light will illuminati_ The light will
;o cut when the test switch is released.

0-ganizational level maintenance consists
if isolation, removal, and replacement of mal-
unctioning components and performing of opera-
ional checkouts. Complete troubleshooting and
:omponent removal and replacement procedures
Lre provided in the Maintenance Instructions
danual.

Intermediate level maintenance is allowed
n some of the system valves that are inopera-
ive or that allow excessive internal leakage.
ection IV of the MIM provides detailed pro-
edures for performing component repair. In-
tructions for the disassembly, cleaning, in-
pection, repair and replacement of parts,
ssembly, and testing of components not covered

Section IV of the applicable MIM will normally
e provided in a NavAir 03 series publication.

During all phases of Intermediate level re-
air, insure that adequate attention is given to
uality workmanship and inspection by qualified
ersonnel.

BOMB BAY HEATING SYSTEM

In order to provide for the environmental
pntrol necessary to insure proper operation
r designated nay apons, some aircraft
;uch as the P- , equipped with a bomb
ay heating systurn.

In the ID-1 heating . the bomb bay is re-
tired under rtain cor.ditions when the MK-46
Irpedo is !)eing carried. The heating system
designec provicif' utomatic heat regulation

it.11 visual In: -LLare monitoring, as well
; overheat ,'clow operational temperature
arnings.

DESCRIPTION

Bleed air used to heat the bomb bay is tapped
from the right-hand leading edge anti-icing
manifold as illustrated in figure 6-18. The bomb
bay duet runs aft of the inboard ejector duct
until it enters the fuselage, where it runs for-
ward on the r1,7ht side. The duct also extends
over the upper zft end of the bomb bay to provide
a more even distribution of air on both siles
of the bay.

The hot air exits the bomb bay ducting through
the two bleed-air ejector uozzles. The nozzle
construction causes the hot air to be mixed with
the bomb bay ambient air and discharges the air
forward and slightly downward along the bay
side panels in such a manner that minimum heat
is transferred to the panel structure. The mixing
action created by the nozzles reduces the oleed-
air temperature and promotes effective circula-
tion throughout the bomb bay area.

Heating is manually initiated by the flight
engineer utilizing the bomb bay heat switch
located on the overhead anti-icing control panel
(fig. 6-19). Once this switch is positioned, the
heat in the area will be automatically maintained
between 300 and 45° F by the cycling thermo-
stat (fig. 6-18).

194

OPERATION

When the wing leading edge skintemperature
selector switch (located on the anti-icing con-
trol panel) is in the BOMB BAY position and
the temperature in the bomb bay drops below
25-' F, a bomb bay cold indic,tor arei the de-
icing master caution lights in t cockpit will
illuminate. In response to this situation, the
flight engineer must manually position the bomb
bay heat switch to ON, the right-hand bleed-air
shutoff valve to CLOSE, and the No. 3 and No. 4
engine bleed air switches to OPEN. This per-
mits hot bleed air to enter the wing leading edge
ducting between the fuselage bleed-air shutoff
(isolation) valve, the anti-icing modulating
valves, and the remaining engine bleed-air
valve. Positioning the bomb bay heating switch
to ON opens the bomb bay bleed-air shutoff
valve and allows hot bleed air to flow through
the airflow limiting venturi and intothe fuselage
ducting for ultimate distribution in the bomb
bay area.

As long as these conditions prevail, the bomb
bay bleed-air shutoff valve will cycle open to
closed as directed by responses received from
the cycling thermostat.

`J 0 9
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If the cycling thermostat fails, the bomb bay
heat switch can be placed in the OVRD (override)
position and the bomb bay temperature manually
controlled, utilizing the override position and
monitoring the various system temperature and
caution lights. When the wing leading edge tem-
perature selector switch is in the bomb bay posi-
tion, the bomb bay temperature will be indicated
on the selected airfoil temperature indicator.

MAINTENANCE

Maintenance of the bomb bay heating system
is similar to that allowed on the wing anti-icing
system. Maintenan,:e consists of operational
chEcks and removal and replacement of faulty
components and associated plumbing.

Electrical components of the system are the
responsibility of personnel in the AE rating. As
previously mentioned in this manual, malfunc-
tions that involve more than one rating (AME
and AE) will require joint cooperation if trouble-
shooting, isolating, and correcting of the mal-
function it to be accomplished in an efficient
m anner.

FIRE EXTINGUISHINGSYSTEMS

As a general rule, fire extinguishing systems
are incorporated only in multiengine aircraft.
These systems are designed primarily for ex-
tinguishing engine fires; however, on some air-
craft, provision is made for protecting the air-
craft heater (or heaters), as well as the engines.

The extinguishing agent is stored in cylinders
mounted at various places within the fuselage,
wings, nacelles, or landing gear wells, and is
directed to the area of fire through a system of
tubing and various control valves. A switch or
pull handle, located at the pilot's or flight engi-
neer's station, is used in releasing the extin-
guishing agent when a fire occurs.

The inspection and maintenance of aircraft
fire extinguishing systems is another one of the
important responsibilities of the AME.

TYPES OF EXTINGUISHING AGENTS

There are a number of fire extinguishing
agents; however, the two most commonly used
in aircraft systems are carbon dioxide (CO2)
and trifluorobromomethane (CF3Br).Trifluoro-
bromomethane is also referred to as bromo-
trifluoromethane; either is correct.

Carbon Dioxide (CO2)

Carbon dioxide is a colorless, odorless, and
tasteless gas under normal conditions of atmos-
pheric pressure and temperature. Liquid carbon
dioxide exists only under pressure. When re-
leased to atmospheric pressure, it immediately
turns into a mixture of solid carbon dioxide snow
and vapor, depending upon storage temperature
and release temperature. At the instant of re-
lease, the discharge appears as a white fog.

Carbon lioxide is an inert gas which makes
it a valuable extinguishing agent and which acts
with almost instantaneous smothering effect.
Carbon dioxide is an electrical insulator and is
nondamaging to most materials. It is noncor-
rosive, leaves no residue, and does not deterio-
rate with age.

Trifluorobromomethane (CF3Br)

CF3Br (the chemical symbol for trifluoro-
bromomethane) is a newly developedfluorinated
hydrocarbon which is more efficient than CO2 as
a fire extinguishing agent. CF3Br, like CO2 is a
colorless, odorless, and tasteless gas under nor-
mal atmospheric pressure andtemperature, and
e)dsts as a liquid only when under pressure.
CF3Br is nontoxic. It is an electric...I insulator,
is noncorrosive, leaves no residue, does not
deteriorate with age, and goes farther than CO2,

NOTE: CF3Br is often referred to by the
trade name, Freon 13B1.

Only the CF3Br system will be discussed in
this chapter.

TRIFLUOROBROMOMETHANE
(CF3Br) SYSTEM

Figure 6-24 illustrates a typical trifluoro-
bri,momethane fire extinguishing system. The
system consists of a container assembly, dis-
tributing tube assemblies, and the necessary
tubing and electrical equipment.

System Operation

To activate the system shown in figure6-24,
the fluid cutoff handle for the affected engine is
pulled. This action turns off the combustible
fluids, feathers the propeller, and shuts down
the engine. Pulling this handle exposes the fire
extinguisher switch. Pressing the fire extin-
guisher switch completes the electrical ci..-cuit
necessary to detonate the explosive charge in
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he bomiet ass ?mbly of the container (fig.6-2:.,
Phis explosive charge ruptures the frangible disc
n the container and allows the extinguishing
ige,it to flow into the engine nacelle. The fluid
CF3Br) discharges from the distributing as-
;embly as a spray, which (in the presence of
ieat) turns into a dense gas. This gas reduces
he oxygen content of the area and effectively
;mothers the fire.

3yster, Components

CONTAINER ASSEMBLY.Each container
tssembly (fig. 6-25) consists of the following
;omponents: A fusible plug, pressure gage,
rangible disc, cartridge, bonnet, and the con-
ainer itself. The container is a spherical as-
;embly, designed to contain 6.5 pounds of CF3Br
Ind a precharge of 600 psi of nitrogen at (70° F).
VOTE: The capacity and precharge of the con-
ainer asernbly will vary with the type of in-
;tallation.

The combined nitrogen charge and CF3 Br
s retained in the container by the frangible disc
md the fusible plug. The disc shatters upon im-
iact by a slug from the cartridge, releasing the
;ontents of the container into the fire area.

Where there is an increase in ambient tern-
)erature, the fusible plug protects the container
rom possible damage by excess pressure. The
netal of the fusible plug melts at temperature
)etween 208° and 220° F, releasing the contents
1 the container oierboard.

The operation of the coi,miner is as follows:
Nhen the fire extinguisher switch is pressed, an
!lectrical current ignites the explosive in the
;artridge. A slug is then propelled from the
;artridge and strikes the frangible disc. The
mpact of this slug shatters the disc and re-
eases the contents of the container. The 600 psi
litrogen precharge expels the CF3Br. The
;trainer in the bonnet (fig. 6-25) prevents the
;egments of the shattered disc from being ex-
lelled into the distributing assembly.

DISCHARGE INDICATOR.One discharge
ndicator is mounted on each nacelle as shown
n figure 6-24. The indicator consists of a red
lisc and an aluminum alloy tube which connects
o the container at the fusible plug. If thermal
,xpansion in the container is great enough to
upture the fusible disc, the red disc will rup-
ure and the CF3Br will flow overboard through
he line to the indicator. Therefore, when the
ischarge indicator is found missing, the con-
ainer must be checked for proper pressure.

CF3Br containf,:s have a relief valve
place of the fusible plug. On sonic the fusible

lug is referred to as a safety plug. The relief
valve relieves the exc, 3:: pressure in the con-
tainer instead of completely emptying the con-
tainer.

NOTE: Some larger aircraft utilize more
than one fire extinguishing agent container to
direct the agent to several points within an area.
With cockpit switc`- ?s sei at various positions,
the agent can be released through specific dis-
charge outlets; and if the fire persists, the
switcn positions can be changed to release agent
from a second container to different discharge
outlets within the same area.

The fire extinguishing system of the P-3 air-
craft provides an example of this type system.
The containers utilized in the P-3 system are
also equipped with two valve (bonr et) assemblies
for discharging the container; however, onlyone
assembly is fired at any one time to dischargea,
the container. This dual arrangement provideg-
for a secondary means of discharging a cylinder
in the event a cartridge fails to fire and discharge
the container for any reason.
Maintenance

Maintenance of the CF3Br fire exting .ishing
system at the Organizational level of mainte-
nance consists of replacement of faulty compo-
nents and discharged or below pressure con-
tainers, maintenance of associated plumbing,
and the performing of operational checks.

Containers should be replaced whon the pres-
sure falls below that indicated on the ,..ontainer
or in the applicable Maintenance Instruct.-ms
Manual. A gage on each container indicates thP
pressure the/ ein. A suspected lemage in system
plumbing will require disconnecting of the con-
tainer (s) and pressure leakage testing of all lines
utilizing nitrogen pressure and aleakage tester.
The leakage tester provides a means of measur-
ing the pressl.re drop over a specified periodof
time as outlined in the MIM.

'he operational checkout of the fire ex-
tinguishing system is primarily a checkout of
electrical circuitry, such aE wiring continuity
checks, proper switch operation, etc., which is
performed by personnel of the AE rating.

Intermediate level maintenance of compo-
nents of concern to the AME consists of disas-
sembly, cleaning, inspection, miscellaneous re-
pair and parts replacement, recharging, and
testing of the fire extinguishing container. A list-
ing a parts replaceable at the lntermettiate

196

0 4



Chapter 6UTIL1TY SYSTEMS

1

." J.
` r

DISCHARGE
INDICATOR

DISTRIBUTION TURES

FLUID CUM! f HANDLES

EIRE EXTINGUISHER
SWITCH

EIRE EXTINGUISHER
CONTAINER

*),

4144
)-

DISCHARGE
INDICATOR

AM.113

Fiore C1:31)r fire uxthigultihinv, nytitem.

107

1.' 0.0



AVIATION STRUCTURAL MECHANIC E 3 & 2

OUTLET a

BONNET
ASSEMBLY

SCREEN

FUSIBLE
PLUG

GAGE

CARTRIDGE

FRANGIBLE
DISC

Figure 6-25.CF315r container arw,-mbly.

AIMI)) level of maintenance and npecial support
,quipment as well as step-by-ntep repair pro-
:eduren in provided in the Comp() tint Repair
iection (IV) of the Maintenanc Insiructions
danual.

The container nhould hi! recharged immedia-
ely following repair and bench tent ing. Recharg-
ng of a container consintn of the following gen-
rai ntept4:

I. Inntall a recharging bonnet (fitting) in the
itfety plug port and connect to the cylinder re-
harging equipment.

2. Pump a vacuum oil the container to com-
Iletely evacuate it.

3. Charge the container with th specified
olume of fire extinguishing agent, by weight.

4, Allow the container and iln contentn to
tabilize to the temperature of the ambient air,
11,11 add nitrogiu to attain the proper charging
rennure In accordance with th prennure/tem-
erature charging graph mipplied in the MINI.

AM.114

NOTE: An the nitrogen pressure is beingap-
plied, the container should be agitated to allow
complete absorption of the nitrogen by the fire
extinguishing agent,

5. Tighten the tialety plug, remove the re-
charging txmnet, and install the safety plug valve
protection plug.

The cartridge ahould not b inntalled in the
valve amwmbly until the annembly IN ready for
inotallation on the container. A metal date tag
munt lw attached to tile container valve ansem-
bly, indicating the cartridge date. nervice
life and replacement criteria for the cartridge
in provided in the applicable MIM and/or NavAir
11-100-1.

If the container IN not being inntalled on an
aircraft immediately, it nhould be properly
stored. The cartridge tthould in, removed from
the bonnet and Morind in accordance with all
exinting directiven. The temperature in the car-
tridge ntorage area nhould not exceed 704F. The

108



Chapter 6UTILITY SYSTEMS

container should be stored in a reasonably cool,
well-ventilated area with the discharge port
facing up. The storage area should be one that
is not normally occupied by personnel.

To eliminate the possibility of cartridge mal-
function, cartridges should not be interchanged
between containers. The contact point between
the soldered contact of previously installed
cartridges and the valve can become slightly
indented or mated to each other, and installa-
tion in another container valve assembly could
result in a no electrical connection situation.
Always use the correct cartridge designated
for use with the high rate discharge containers.
Use of a substitute cartridge could result in
an inadvertent firing of the cartridge during
the electrical checkout of the system or failure
of the system to operate when needed.

NOTE: When checking containers for pres-
sure loss, compensation must be made for am-
bient temperature changes. The applicable
Maintvnance Instructions Manual for most air-
craft using the CE3Br fire extinguishing system
contains a table of temperature conversion
figures.

Safety Prevauti(ms

The following safety precautions uid handling
procedures should be observed when working
with CF3Br to prevent injury to personnel and
damage to equipment.

NOTE: CF3Br is very volatile, but is not
easily detected by odor. It is nontoxic and can
be considered to be about the same as carbon
dioxide, causing danger primarily by reduction
of oxygen.

1. Handle the charged containers carefully
to avoid rupturing the frangible seal disc or
damaging the container or gage.

2. Do not discharge containers in a eon-
fined area.

If the liquid has been used openly or
spilled in the aircraft, ventilate the area im-
mediately.

4. If a person has been exposed to high eon-
centratimin of the gas, medical attention should
be sought.

5. Do not permit CE3Fir to come in contact
with the skin: frostbite or low-temperature
burns may result,

0. If leakage of fire extinguishing agent in a
confined space In tissiwchA, the agent iiitiHt be
allowed to thoroughly dissipate and the space
ventilated prior to entering. The use of a Halide

detector to verify that the space is safe to enter
is recommended if there is the slightest doubt
concerning a concentration of vaporized agent
within the space sufficient to present a hazard.

LIFE RAFT EJECTION SYSTEMS

Life raft ejection systems are generally de-
signed so that the raft may be ejected either
manually or automatically. When the system is
actuated by either of these methods, the life
raft compartment door is jettisoned, and the
raft is inflated by a cylinder of carbon dioxide.
If the raft has been properly packed and stowed
in its compartment, inflation will cause the raft
to be ejected from the compartment in an up-
right position ready for occupancy. The raft is
attached to the aircraft by a small line, called
the raft painter. The painter is designed to
break if the aircraft should sink before it can
be disconnected.

On naval aircraft not equipped with life raft
ejection sys'ems, the rafts are located in de-
signated storage spaces inside the fuselage com-
partments and near emergency exits. Lanyard
or painter attachment fittings are located near
these exits for securing the raft prior to launch-
ing. The rafts must be manually pushed out the
exit and inflation initiated by the crewmember.

NOTE: The PR rating is responsible for in-
specting, testing, equipping, and packing life
rafts. However, on aircraft equipment with life
raft ejection systems, the AME is responsible
for installation of the raft in the aircraft and
maintenance of the ejection system.

TYPICAL LIFE RAFT
EJECTION SYSTEM

A typical life raft ejection system is shown
In figure 6-26. Among the principal components
in the system are the release handles, cables,
covers, and the submersion actuation (auto-
matic) element.

Description of Manual System

As mentioned previously, most life rafts
are stowed in a covered compartment specially
designed to house the raft. The raft is jettisoned
by pulling the life raft release cable. The initial
movement of this cable pulls the cover retaining
pinsfurther travel (pull) of the release cable
causes the contents of the life raft inflation
bottle to be emptied into the raft. This positive

1 09
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411

*1-4--""SU8MERSION
ACTUATOR

-

(

Ir...7%'MANUAL RELEAS_.

EJECTION RELEASE

MECHANISM

Figt,re 1-26.Typical

double action is insured by rigging little slack
into the cable between the latch pin mechanism
and the inflation bottle. This feature allows the
cover to be removed manually without the raft
inflating for routine inspection of the life raft,
inflation bottle, cover assembly, and compart-
ment condition in general.

The life raft release handles are located at
various places within the aircraft near the flight
stations. Regardless of how many locations
the handles are placed, they are all connected
to the same release cable, and a pull on any
one will have the same effect on the life raft
compartment door and the raft. One type of air-
craft has a pull handle recessed into the top of
the fuselage just forward of the life raft com-
partment for use in case the inside handles
were inoperative and the automatic actuator
failed to work.

Description of Automatic System

The automatic life raft ejection system is so
connected into the manual life raft ejection sys-
tem that discussion of the au nnatic feature is
not possible without connecting the two. Figure

4/4

RA
ET 1.6 LY

life raft rjectio I system.
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6-27 shows thc yrincipal parts of the emergency
actuation system and illustrates their connection
with the normal or manual release system.

The automatic life raft release system is
incorporated into the emergency escape provi-
sion!, for use when all available time is needed
to escape from the aircraft, and/or to insure
deployment of the life raft in case everyone
forgot to pull the manual release handle.

When the aircraft is forced to ditch in salt
water, some of this water enters a unit known
as the submersion actuator and causes the raft
to deploy. Water entering the submersion actua-
tor, which is usually located in an out-of-the-way
place inside the fuselage, contacts interleaved
sets of electrical conductors and completes a
circuit. One set of terminals is connected di-
rectly to the aircraft battery and the other is
connected to ground through the automatic life
raft ejection system.

The completed circuit causes a spark which
fires a cartridge (fig. 6-27). Expanding gases
from the fired cartridge drives a cutter head
which ruptures a disc on a small bottle of car-
bon dioxide. The cartridge, cutter head, and
CO2 bottle are all joined in a common assembly.
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PISTON RELEASE

. /1

CARTRIDGE CHAMBER

EJECTION
CONTROL
CYLINDER

McNUAL RELEASE

SAFETY OUTLET

CUTTER
HEAD

7i7ure 6-27.Life raft control mechanism.

The CO2 released by the . head action is
directed through tubing to tip ..etract side of a
single-acting actuating cylinder (fig. 6-27),
causing it to retract.The rod end of the actuat-
ing cylinder is attached to the manual system
pull cable or directly to the pull attachment at
the life raft door, depending upon the aircraft
model. The raft then deploys in the usual
manner.

Maintenance

Maintenance of life raft ejections systems in-
cludes removal of the raft for inspection pur-
poses, replacement of cylinders that are below
the proper weight (indicating correct charge)
or that have been discharged, and performing
of functional system checkouts as specified in
the applicable Maintenance Requirements Cards.

The life raft is removed and reinstalled by
the AME, but the inspection must be performed
by personnel of the PR rating.

Removal and installation of the life raft
varies with each model of aircraft; therefore,
detailed step-by-step instructions are included
in the applicable Maintenance Instructions Man-
ual. All personnel of the AME rating should be
thoroughly familiar with these instructions be-
fore attempting to remove or install a life raft
in any aircraft.
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The submersion actuator is checked periodi-
cally by means of a circuit tester which is sup-
plied as part of the test equipment for the partic-
ular aircraft. To use the circuit tester, a plastic
plug must be removed from the end of r:ub-
mersion actuator. The circuit tester is :I ser
in the actuator; and if the actuator is ( ing
properly, the light in the tester will coult_ on.
After the completion of the test, insure that the
plastic plug is replaced in the actuator. If this
plug is accidentally left out, any metallic object
small enough to enter the acutator could cause
the raft to be ejected in flight. Figure 6-28
illustrates the testing procedure.

The mechanical indicating mechanism on
each side of the cutter head (fig. 6- 27) is covered
with black tape because it is considered unre-
liable for determining whether the life raft con-
trol cylinder needs recharging.

When a control cylinder does not weigh
within the proper limits or has been discharged,
it must be removed and replaced. Refilling of
the cylinder is accomplished at designated
AIMD's. The only method of determing the
quantity of carbon dioxide (CO2) in the cylinder
is by weighing the cylinder.Becauseof the small
quantity of CO2 and the cylinder size, an ordinary
scale cannot be used. A special scale with an ac-
curacy reading of 1/100 of a pound is necessary.
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CIRCUIT
TESTER

BULB

PLUG
SUBMERSION
ACTUATOR

VENT
HOLES

Figure 6-28.Testing submersion actuator circuit.

Proper charge is stamped on the cylinder
with a tolerance of + 0 and -0.05 pounds. In all
cases the control cylinder should be charged
within these limits and in accordance with the
instructions in the applicable Maintenance In-
structions Manual.

When installing the cartridge in the cutter
head, insure that the correct cartridge is used
and that the 0-rimg and cartridge are installed
properly, otherwise the gas pressure created
by the firths. of the cartridge will escape from
the cartridge chamber and insuffl,qent pressure
will be created to actuate the cutter.

Refilled cylinders are tested for leakage by
placing them in cold water for a12-hour period.
Any air bubbles clinging to the cylinder and
valve assembly that could be mistaken for leak-
age are wiped away after the cylinder is sub-
merged in the water. An inverted bottle filled
with water is then placed over the cylinder
valve assembly to trap any gas leakage over the
specific period. Leakage at the valve assembly
can generally be corrected or prevented by
proper tightening of the valve in the cylinder
body.

LIQUID COOLANT SYSTEMS

Mission requirements for some aircraft,
such as the RA-5C and the A-6C, necessitate

AM.11'1

the use of a wide variety of electronic equip-
ment. The operation of such equipment generates
heat that shortens the life of the equipment and
results in malfunctions. Therefore, the heat
must be dissipated in some manner. Chapter 5
provides coverage on the use of the air cycle
and vapor cycle air-conditioning systems to
maintain electronic equipment compartments
within acceptable operating temperatures. The
RA-5C and the A-6C utilize liquid coolant sys-
tmes to provide additional cooling capacity that
cannot be handled by the aircraft's air cycle
refrigeration system.

A schematic illustrating the environmental
control system used to regulate the environ-
ment of the TRIM (Trail Roads Interdiction
Multi-Sensor) weapon system equipment located
in the turret and aft pod of the A-6C is pro-
vided in figure 6-29.

Figure 6-30 provides a pictorial view of the
liquid cooling unit. The air-cycle portion of
the Trim pod environmental control system
functions in much the same manner as the air-
cycle system covered in chapter 5. Material in
this section therefore covers the pod's air-
cycle system only as it affects the liquid coolant
system operation.
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Figure 6-30.Liquid cooling unit.

DESCRIPTION/OPERATION

The liquid coolant system section of the
pod environmental control system provides
cooling for the turret section of the electronic
equipment pod. The pod is attached to the lower
center fuselage section. The cooling unit uses

9
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Coolanol 35 (trade name) coolant liquid as a
heat transfer agent. The coolant absorbs heat
generated by equipment in the turret section
of the pod and transfers this heat to the cold
air supplied by the air-cycle turbine as the
coolant and air flow through the liquid/air heat
exchanger.
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The fluid accumulator (fig. 6-29) maintains
a positive pressure on fluid going to the suction
or inlet port of the coolant pump and provides
sufficient liquid volume to compensate for ex-
pansion and contraction of the coolant liquid
over its full operating temperature range. The
coolant is circulated through the filter, the
liquid/air heat exchanger, the thermostatic
(temperature control) valve, and through the
air/liquid heat exchanger in the turret by the
electrically driven centrifugal coolant pump.

The bypass type filter has a replaceable 40-
micron element and is equipped with a visual
clogged indicator pin on the top of the case.

The thermostatic valve senses the tempera-
ture of coolant leaving the valve, modulates
the flow of coolant through the liquid/air heat
exchanger, and operates as a bypass valve to
maintain temperature of the coolant in the lines
going to the turret section of the system be-
tween 400 and 60° F. This results in the tem-
perature of the coolant entering the turret being
at approximately 75° F, which is considered
the ideal coolant temperature.

The air/liquid heat exchanger is mounted
in the top section of the turret. Air is circulated
throughout the turret and through the cores of
the exchanger by the two electric-motor-driven
fans mounted on the heat exchanger. The cir-
culating air absorbs heat generated by the elec-
tronic equipment and transfers this heat to the
coolant as it passes through the air/liquid heat
exchanger cores.

The turret section liquid coolant components
are connected to the cooling unit (fig. 6-30) by
hoses equipped with quick-disconnect fittings.
The cooling unit is located in the pod adjacent
to the turret.

The low- and high-pressure gages on the
cooling unit (fig. 6-30) indicate coolant suction
pressure at the pump inlet and system high side
pressure. Both readings are dependent on cool-
ant temperature with a fixed coolant charge in
the system.

MAINTENANC E

Organizational level maintenance of the liquid
coolant system consists of servicing the system
with Coolanol 35, periodic inspection, opera-
tional testing, and troubleshooting.

The operating, testing, and troubleshooting
procedures provided in the Maintenance Instruc-
tions Manual are presented in chart form and
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consist of a series of go no-go checks that include
the use of test equipment and various cockpit con-
trol settings. The operational check is performed
by personnel of the AE and AME ratings.

Figure 6-31 illustrates a page of the opera-
tional testing and troubleshooting procedures
sheet utilized with the TRIM pod environmental
control system. The chart points out that an
AN/PSM-4 multimeter is necessary to check
electrical components. Note the various refer-
ences to liquid coolant system components and
trace the various no-go and go procedures in
proper sequence.

An environmental control test set, available
and normally used by personnel of the AE rating,
provides efficient system trouble analysis. The
test set performs three types of checks. It can
check the resistance of various system tem-
perature sensors. An abnormal resistance read-
ing would indicate a faulty sensor. It can sub-
stitute the fixed values of resistance of the
aircraft's temperature sensors and thus check
for proper operation of the system temperature
controller as well as voltage outputs which
cause the srtern valves to change position.
Thirdly, 't can measure voltages at various
points throup,hout the system from a single
point connection.

A fault syrupto,n index is also provided in
the MIM for the use of maintenance personnel
in locating the cause of faults/malfunctions.
The index illustrated in figure 6-32 is layed
out in the format common to avionics weapon
system debriefing guides. They contain a com-
plete lists of all the environmental control
system faults that could normally be expected
during a flight, or during postflight or post-
maintenance operational checks. Questions
asked in the second column of the index can
be answered yes or no and will lead the user
to the course of action as stated in the main-
tenance action columns.

If the fault involves other subsystems, some
of the maintenance actions or instructions re-
quired to eliminate or correct the fault may be
covered in another Maintenance Instructions
Manual. If this is the case, the index will refer
the user to troubleshooting and operational
checkout procedures in the appropriate MIM.
Faults of this nature are listed in the environ-
mental control system fault index only because
they might appear as environmental control
system malfunctions or faults.
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STAXT TEST

Sot LIQUID COOLING switch to OPP.

co
(LLLTV end RIR operating, 'NA HOT light on)

Are LIGHTS, LIQ COOLING, and TV IR POD

AIR GOND 2 circuit breskere in?

NO-co

Push in

Disconnect coolant thermal switch connector

04ASP1.

Is there an open circuit 40011 pins A and

B of switch?

NOml /MO.
NO-DO

Replica thermal switch 04AS.

co

Disconnect low preesure switch connector

04A17P1.

I. there an open circuit across pins B end C of

twitch?

Replace lov pressure switch 04A17.

APPM

Check circuit across pins B Ind C of connactor

0447PI.

le 28 VDC indicated?

NO-CO

Check wiring

GO
to low (0-30 psi) gage indicate within

Waits specified in figure 1-12?

NO-CO

co

.1.1.
Servics coolant swim. Refor to psragraph

1-33.

Set LIQUID COOLING switch to ON.

Does 0-30 pei gage decrease lees than 05 psi and

0-200 pel gage indicate 75 to 130 psi and fluctus

lase than 25 psi (in tolerence)t

NO-00i

Did gage indications remain unchanged with no

fluctuation?

Disconnect liquid cooling panel 04A10,W24,1400

end porton' the following tests st W24J400:

LIQUID COOLING switch at ON: No continuity

between pine X and Y. LIQUID COOLING switch

st OM Continuity between X and Y.

Co tests check OK?

Runlets liquid cooling penel 04A10.

CO

Disconnect electrical connector et coolant

puep drive sow 04A9P1.

It there 115 vac at pins A, 8, end C to pin

D (ground) of PI?

CO

Check wiring

Dose continuity exist?

NO-GO

Ilepair wiring.

co
-1111s Replace relay 04K1.

Replace coolant pusp/

sotor 04A9.

Perform tastin4/troubleshooting procedures,

figure 1-7,

Dols TUR HOT light still go on?

NO-CO

End of test

CO

Replete turret.

Figure 6-315Operating, testing, and troubleshooting procedures chart.



a TEST

itch to Orr.

tin', TUR HOT light on)

NG, and TV lit POD

eakers in?

ana R and C of connector

Go

Disconnect coolant thermal ewitch connector

04ASP1.

le there an open circuit across pins A and

15 of switch?

NO-CO

f

Replace thermel switch 04A8.

CO

Disconnect low pressure witch connector

04A17P1.

Is there an open circuit croll. pins li and C of

witch?

Replace low presoure switch 04AI7,

GO

t wiring

GO
0. Does low (0-30 psi) gage indicete within

limits specified in figure 1-121

NO-GO

Go11111.

SerN r (.0,11.o! over., Refer to peiogroph

Set LIQUID COOLING switch to ON.

Does 0-30 psi gage dec 44444 leas than 05 psi :XI
0-200 psi gage indicate 75 to 1)0 pei and fluctott

Isom than 0 poi (in tolerance)?

GO

NO-GO

Did gags indications remain unchanged with no

fluctuation?

1.

GO CO

%ling prima 04A10,W24.1400

mding test. st W242400:

% at ON: No continuity

LIQUID COOLING switch

%atom X end Y.

Disconnect electrical cornector at coolant

pump drive motor 04A9P1.

It there 115 wac at pins A, 11, and C to pin

D (ground) of PI?

Replace coolant pop/

motor 04A9.

cooling penal 04A10.

110-CO

Check wiring

Doss continuity xist?

NP-GO

Repair wiring.

CO

Replace relay 041(1.

lubleshooting procedures,

still go on?

I of Mt

Rapists turret.

AM.1162

Figure 6-31.Operating, testing, and troubleshooting procedures chart.
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Itvir

FAULT ./VE,STIoN

MAINTENANCE ACTION

US NO

FIGURE PARAGRAPH FIGRE PARAGRAPH

1. INELIGHT PROBLEMS lal. Was FLIR or LLL TV mal- Refer to Co to la:. ---
a. TUR HOT light functioning prior to TUR NAVA1R

on, POD CLG
light out.

HOT lighting? 0'-115ADD-

la2. Did TUN HOT light go on,
then MIR and LLL TV

!al. Go to 1a4. ---

40ddenly shut off'

143. Did TOR HOT light go ,n
post flight check (PO: ,

light still out) and Pcie
and/or LLL TV were not
operatinp'

1-7 1-1) co to la4. ---

124. Did TOR HOT light go on
only when FLIR and/or

1-13 1-31 (o, to lb.

LLL TV systems were
operatin. In post (light
check'

b. POD CcG Ugh'
on, TUB HOT
light out.

c. LLL TV and/or
FUR dieplay out
of focus or shows
wvy (heat) lines

1bl, (None,)

Icl. Was TV/IR cooling switch held
at RESET for 6 second+, then
set to Norm; and display
problems continued'

1-9

1-10

1-34

1- 1:

Go to I,

Go to :a.

--

2. PREFLIGHT AND
/ POSTFLIGHT
' PROBLEMS

a. FULL COLD
light on.

b. No exhaust
from window
exhauat port
on pod.

221. (None.)

2b1. Was TV/IR COOLING switch
In cockpit at NORM?

2b2. Was POD CLG Ilgl t on'

1-10

co to AI.

1-9

1-3:

---

1-34

Go to 21,.

Reset switch.

Go to 2c1.

---

---

C. Ate filter
vapor eeparetur
red button up.

2c1. (None.) Replace 1-R5 --- --

A. Bubble. or
contaminant.
in eight gsge.

2d1. (lione,) Service 1-36

. Liquid coolant
red filter
button up.

f. Coolant lov

2e1. (None.)

211. On static test, did low

Replace

Service

1-16

I. 16

---

---

---

(0-10 pet) and/or
high (0-200 psi)
pressure gaged out
of tolerance,

(0-30 pot) gage indicate
5 to 10 psi nd high
(0-200 pail gage indicate
15 to 130 pei (dependant
on temperature)?

212. when coolant spates wee
operating, did low (0-30 psi)
gage indication decrease
more than 0.5 psi nr high

Service 1-16 --

(0-200 psi) gage fluctuate
wore than 5 issi?

A2g. Windows cracked
or broken.

210. Were exterior windows
broken outward end/or
interor windows h t obeli
inward?

1-10 1-12

20. WA. window exhaust port
clogged?

1-10 1-12 ---

AS,On aircraft not incorporating AYE Al

AM. 1163
Figure 6-32. Fault symptom indexA-6C TRIM pod envI, ,4111 Altai control system.
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Servicing

Servicing instructions for the liquid coolant
system are provided in the applicable MIM and
the "Postflight, Servicing, and Conditional"
Maintenance Requirements Card deck. The use
of the fill and bleed cart illustrated in figure 6-33
is required to drain, degas, replenish, andpres-
surize the liquid coolant system.

The numbers in table 6-1 identify the callouts
in f;- -e 6-33 and describe the function of the
vario uj controls and indicators found on the cart.
The cart is capable of circulating the liquid
coolant at approximately 2 gallons per minute
at 12 psi. The liquid coolant attempts to gasify
and circulating the liquid reduces the content of
dissolved gases to 5 percent or less by volume.

The cart vacuum pump maintains a vacuum
on the cart reservoir of 27 in. Hg, and the pos-
itive displacement fluid pump circulates the fluid
during the degasssing of the coolant as a step in
servicing the system.

The cart reservoir is surrounded by a heat-
izIg blanket which is utilized to raise the fluid
temperature. Raising 'he fluid temperature aids
in the removal of air and moisture from the
coolant liquid.

The pressure and return hoses of the cart
are 18 feet long and are equipped with quick-
disconnect fittings. The cart pressure regulator
valve is preset to regulate the coolant outlet
pressure from 9 to 15 psi.

The cart reservoir fluid level should always
be maintained between the LOW LEVEL and
FULL STAND ONLY markings on the reservoir
level sight tube. (See fig. 6-33, detail A.)

With the cart properly serviced and degassed
in accordance with the procedures outlined in the
MIM alid the TRIM pod liquid coolant switch in the
OFF posi. n, servicing of the coolant system is
accomplished in the following manner:

1. Close the return shutoff (10) and pressure
outlet shutoff (13) valves of the sarvicing cart and
connect the pressure and return lines to the cool-
ing system servicing quick disconnects (fig.
6-30).

2. Connect the fill and bleed cart to an ap-
propriate electrical power supply.

3. Position the bypass valve (14) open one
full turn and the reservoir vent (2), reservoir
pressure gage (5), and outlet pressure gage (3)
valves to full open.

4. Press the pump start button (18) and
operate the pump for 3 to 4 minutes. Monitor the
outlet pressure gage (4) for a pressure indication

208

2 8

AM. 1164
Figure 6-33.Liquid coolant system fill ard

bleed cart.

between 9 to 15 psi with a reservoir temperature
age (1) indication between 80° to 190° F.

NOTE: If the reservoir temperature indicates
below 80° F, utilize the reservoir heater to raise
the temperature between 80° to 00° F, then turn
the heater OFF. If reservoir temperature is over
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Table 6-1. Fill and bleed cart controls and indicators.

Number Control or Indicator Function

1 RESERVOIR TEMP. Indicates reservoir fluid temperature in degrees
F for effective degassing operation.

2 RESERVOIR VENT VALVE. When closed, enables buildup of vacuum in cart.
Opened to allow entrance of air to equalize pres-
sure.

3 OUTLET PRESS. GAGE valve. Isolates OUTLET PRESS. GAGE from cart sys-
tem for test and calibration.

4 OUTLET PRESS. GAGE Indicates cart pump pressure.
5 RESERVOIR PRESS. GAGE Isolates RESERVOIR PRESS. GAGE from cart

valve. system for test and calibration.
6 RESERVOIR PRESS. GAGE. Indicates reservoir pressure/vacuum.
7 ELAPSED TIME Indicator. Indicates cal' operating hours.
8 PRESS. REGULATOR. Controls cart pum,) pre.sare to maintain pressure

output to aircraft.
9 SIGHT TUBE. Displays return flow of fluid from aircraft to cart

or indicates flow of fluid during cart degassing
operation.

10 RET. SHUTOFF. Controls return flow of fluid from aircraft to
cart. Assists in pressurizing aircraft.

11 PRESS. OUTLET Hose. Connects cart pressure outlet to aircraft quick-
disconnect fill and bleed connection.

12 RETURN OUTLET Hose. Connects cart return lines to aircraft quick-dis-
c-irnect fill and bleed connection.

13 PRESS. OUTLET SHUTOFF. Controls pressurized fluid flow to aircraft.
14 BYPASS VALVE. Cjntrols flow for cart fluid circulation.
15 VACUUM PUMP Indicator LighL Mounted adjacent to VACUUM PUMP switch and

lights when VACUUM PUMP is operating.

16 VACUUM PUMP Switch. START-STOP buttons operate vacuum system.

17 PUMP Indicator Light. Mounted adjacent to PUMP switch and lights
when pump is operating.

18 PUMP Switch. START-STOP buttons operate liquid pump to
circulate and transfer liquid to aircraft or
through cart. STOP button also turns off heater
through an interlock.

19 HEATER Indicator Light. Mounted adjacent to HEATER switch and lights
when heater is operating.

20 HEATER Switch. Operates when PUMP switch is on. Heats re-
servoir liquid to aid in removal of gasses and
moisture.
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Number

Table 6-1. Fill and bleed cart controls and indicators. (Cont'd)

Control ot .11 lL. icator

21 Power Cable.

22

23

Reservoir Level Sight Tube.
Dead Man Brake.

Function

Connects cart to 115-volt a. c. 60 Hz power
supply.

Indicates liquid level in cart reservoir.
Locks brakes of rigid casters when handle is

released.

190° F, secure the cart until the temperature
drops to 135° F before resuming the servicing
operat ion.

5. Start the vacuum pump and slowly close
the reservoir vent valve (2) until the reservoir
pressure gage (6) indicates an increase of 1 in.
Hg. Hold this setting 1 minute, then repeat this
step until the reservoir vent valve is fully
closed.

NOTE: At this point the outlet pressure gage
should read between 4 to 10 psi and the reservoir
temperature should be between 80° to 190° F.

6. Fully open the pressure outlet shutoff
valve (13) and open the return shutoff valve (10)
one full turn.

7. Slowly close the bypass valve (14) and
observe that the outlet pressure is maintained
at 4 to 10 -)si.

8. Aliow the cart to circulate coolant through
the cart and the aircraft system for 20 to 40 min-
utes, then secure the vacuum pump. An elapsed-
time meter is provided on the cart.

9. Close the return shutoff valve until an
outlet pressure gage reading of 9 to 15 psi is
maintained.

10. Close the pressure outlet shutoff valve,
stop the cart pump, and open the reservoir vent
valve to reduce the reservoir pressure to zero.

11. Observe the cart reservoir temperature
gage and refer to the liquid coolant temperature
versus pressure chart in the MIM to determine
the proper charging pressure.

12. Observe the aircraft's liquid cooling sys-
tem low-pressure gage (fig. 6-30) and bleed the
aircraft's system down to the pressure deter-
mined in step 11 by slightly opening the return
shutoff valve on the cart.

13. Disconnect and sect : tho servicing cart
and reconnect th-, airc: zuick-disconnect
servicing fittings.

14. Following servicing, perform a func-
tional check of th.2 coolant system in accordance

with the instructions provided in the applicable
Maintenance Instructions Manual.

THERMAL RADIATION PROTECTION
SYSTEMS

Naval aircraft utilized for special weapons
delivery have some means of protecting the pilot
and crewmembers from the effects of heat and
light that such weapons emit. Several of the Navy
attack type aircraft are equipped with thermal
radiation protection system and flak protection
curtains.

The A-6, for example, can be equipped with
radiation enclosures for the windshield and
canopy. These enclosures shield off the see-
through portions of the cockpit and thus afford
the flight crew protection from the extreme heat
and light created by a special weapons delivery.
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Figure 6-34.Canopy radiation shields.
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The radiation shields illustrated in figure
6-34 consist of fixed and sliding fiberglas panels
that are mounted on each side of the canopy. The
sliding panels are equipped with rollers and sus-
pended on a system of tracks between the fixed
side panels and the canopy center overhead spline
structure.

The sliding panels for each side of the canopy
move independently of each other and are man-
ually positioned by the pilot or bombardier/nav-
igator. The shield is closed by pulling the forward
sliding panel towards the canopy forward arch.
The forward panel is equipped with a lip which
engages on the lip of the aft sliding panel, draw-
ing it forward at the same time.

The slide panels will automatically lock in
one of three positions; open, closed, or half open,
as desired. A latch handle on each forward slid-
ing panel releases the detent pins, unlocking the
panels.

U the panels are closed and ejection becomes
necessary, it may be initiated through the closed
shields.

The windshield curtain is a fiberglas cloth
assembly with an aluminized coating. It is fas-
tened between the instrument panel glare shield
and the windshield bow structure to close off the
entire windshield area. Springs pull the wind-
shield curtain down flat on the glare shield for
stowage when the curtain is unzipped.

Flak curtains, similar to the canopy curtain,
shown in figure 6-35, are mounted beside the
pilot and bombardier/navigator foot area, cock-
pit side area, and along the lower portion of the
canopy. They provide a limited measure of pro-
tection from flak and small arms fire when mak-
ing low level attacks on enemy positions.

AM.. 1166
Figure 6-35.Canopy side panel flak curtain.

The canopy mounted curtain is a sandwich
tyne pad constructed on vinyl coated glass cloth

h a nylon center. The cockpit area side panels
are basically the same construction with the out-
board vinyl coating deleted. The foot guardpanel
i-; constructed of a metal plate with a nylon

rtain riveted to the outboard side. Installation
of the flak curtains prior to takeoff will depend
upon missiun requirements.

The radiation protection system on the A-7
aircraft is similar to that of the A-6 except that
it may be opened or closed manually or closed
automatically using pneumatic system pressure.

The A 7 protective closure consists of one
fixed and three movable fiberglas segments
which enclose the entire cockpit viewing area
when extended. The forward segment of the
closure presses against the instrument panel
cowl so that a windshield curtain is not neces-
sary.

In the open position, the movable segments
are retracted within the contour of the fixed seg-
ment so that they do not restrict the pilot's vi-
sion.

An overcenter spring on each side of the
closure holds the panels in either the open or
closed positions.

The automatic closing sequence is accom-
plished in 0.2 second. A lock on the left-hand
canopy frame locks the closure open and pre-
vents extension until it is manually released.

Interference tolerances between the ejection
seat and the closure panels require that the seat
be within 1/4-inch of the full down position prior
to closure operation.

Manual actuation of the system is initiatedby
placing the thermal closure switch to the CLOSE
position. This will cause the ejection seat to be
automatically lowered to provide proper clear-
ance. As the seat lowers, it actuates a seat po-
sition switch which directs current to the closure
selector valve. The energized valve releases
1,000 psi pneumatic system pressure through a
restrictor to the two closure actuators, rapidly
extending the closure panels.

When the thermal closure switch is released,
it returns to the OFF position, deenergizing the
closure selector -e and blocking pneumatic
system pressure tu the actuator extend lines.
Deenergizing of the selector valve also vents the
extend lines so that the closure panels may be
manually opened or closed as necessary.

In the automatic mode of operation, the ther-
mal closure system operates in the same manner
except the solenoid of the closure selector valve
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is grounded through a switching demodulator unit
rather than the thermal closure switch. The
switching unit energizes the closure selector
valve and turns ON the white cockpit floodlights
when the system is initiated (triggered) by a
nuclear flash sensor.

The nuclear flash sensor is mounted on the
pilot's flight helmet. When activated by high in-
tensity light, such as that created by a nuclear
blast, the sensor energizes the closure selector
valve for approximately 3 seconds. The closures
extend, are held closed for the 3-second interval,
and then the valve is deenergized and the actuator

212

lines are vented to allow manual opening and
closing of the panels.

NOTE: When flying a special weapons mission
in the A-'7, the pilot's helmet is equipped with a
flash-blindness protective (ELF) lens. When the
nuclear flash sensor that closes the radiation
panels is activated, current is also directed to
detonate a very small explosive charge contained
in the lens. The exploding charge releases a
light-blocking graphite suspension to the inner
core of the lens to protect the pilot's eyes from
ther thermal flash while the closure panels are
extending. The ELF lens are normally stored in
containers in the cockpit when not in use.



CHAPTER 7

GASEOUS OXYGEN SYSTEMS

IMPORTANCE OF OXYGEN

No one can live unless he is able to get suf-
ficient quantities of food, water, and oxygen. Of
the three, oxygen is by far the most urgently
needed. If necessary, a well-nourished man can
go without food for many days or weeks, living
on what is stored in his body. The need for
water is more immediate but still will not be-
come critical for several days. The stock of
oxygen in the body is limited at best to a few
minute's supply. When that supply is exhausted,
death is prompt and inevitable.

Oxygen starvation affects a pilot or aircrew-
man in much the same way that it affects an
aircraft engine. Both the man and the engine re-
quire oxygen for the burning of fuel. An engine
designed for low-altitude operation loses power
and performs poorly at high altitudes. High-
altitude operation demands a means of supplying
air at higher pressure to give the engine enough
oxygen for the combustion of its fuel. The super-
charger or compressor performs this function.

The combustion of fuel in the human body is
the source of energy for everything the aviator
is required to do with his muscles and with his
eyes and brain. As the aircraft climbs, the
amount of oxygen per unit of volume of air de-
creases and the aviator's oxygen intake, there-
fore, is reduced. Unless he breathes additional
oxygen, his eyes, his brain, and his muscles
begin to fail him. He is designed for low-altitude
operation and will not give satisfactory perform-
ance unless he is supplied the full amount of
oxygen that his body requires. Like the engine,
the body requires a means of having this oxygen
supplied to it in greater amounts or under
greater pressure. This need is satisfied by use
of supplemental oxygen supplied directly to the
respiratory system through an oxygen mask,
by pressurizing the aircraft (chapter 5) to a
pressure equivalent to that at safe-breathingal-
titudes, or both.

For purposes of illustration, an aviator's
lungs may be compared with a bottle of air since
the air in the lungs behaves in the same way.
If an open bottle is pl2ced in an aircraft at sea
level, air will escape from it continuously as the
aircraft ascends. As was learned in chapter 5,
the air pressure at 18,000 feet is only half that
at sea level; therefore, at 18,000 feet the bottle
will be subjected to only half the atmospheric
pressure it was subjected to at sea level. For
this reason, it will contain only half the oxygen
molecules it had when on the ground.

In like fashion, an aviator's lungs contain
less and less air as he ascends and correspond-
ingly less oxygen. Thus, the use of supplemental
oxygen is an absolute necessity on high-altitude
flights.

Up to about 35,000 feet an aviator cankeep a
sufficient concentration of oxygen in his lungs to
permit normal activity by use of oxygen equip-
ment that supplies oxygen upon demand (inhala-
tion). The oxygen received by the body on each
inhalation is diluted with decreasing amounts of
air up to about 33,000 feet. Above this altitude
up to about 35,000 feet, this equipment provides
100 percent oxygen. At about 35,000 feet, in-
halation alone will not provide enough oxygen
with this equipment. This is DEMAND oxygen
equipment.

Above 35,000 feet, normal activity is pos-
sible up to about 43,000 feet by use of PRES-
SURE DEMAND equipment. This equipment
consists of a "supercharger" arrangement by
which the oxygen is supplied to the mask under
a pressure slightly higher than that of the sur-
rounding atmosphere. Upon inhalation (demand)
the oxygen is forced (pressure) into the mask
by the system. Upon exhalation the oxygen pres-
sure is shut off automatically so that carbon
dioxide can be expelled from the mask. Above
43,000 feet, the only adequate provision for the
safety of the aviator is pressurization of the
entire body, as described in chapter 5.
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EFFECTS OF LACK OF OXYGEN

HYPDXIA

A decrease in the art-iunt of oxygen per unit
volume of air results :1 an insufficient amount
of oxygen entering the l:1oodstream. The body
reacts to this condition rapidly. This deficit in
oxygen is called HYPDXIA. A complete lack of
oxygen, which causes death, is called ANOXIA.
If the body is returned to its normal oxygen
supply, one may recover from hypoxia, but
cannot recover from anoxia.

Many persons are not aware of the enormous
increase in need for oxygen caused by an in-
crease in physical activity. Strenuous calis-
thenics or a cross-country run results in deep
and rapid breathing. Even so mild an exercise
as getting up and walking around a room may
double the air intake. In the case of the aviator,
leaking of an oxygen mask which may go com-
pletely unnoticed while the wearer is at rest may
lead to collapse and unconsciousness when he
attempts to move about from one station to an-
other in the aircraft. A walkaround (portable)
oxygen bottle sufficient for 24 minutes of quiet
breathing may be emptied by 17 minutes of use
when the user is moving about the aircraft.

Effects of Hypoxia

Men differ in their reactions to hunger, thirst,
and other sensations. Even an individual's re-
actions vary from time to time under different
circumstances. Illness, pain, fear, excessive
heat or cold, and many other factors govern what
the response will 13e in each particular case. The
same thing is true of individual reactions to
oxygen starvation. The effects of a certain
degree of hypoxia on a given person cannot be
accurately predicted. For instance, a person
may be relatively resistant on one day, but
highly susceptible the next.

It is difficult to detect hypoxia, because its
victim is seldom able to judge how seriously he
is affected, or often that he is affected at all.
The unpleasant sensations experienced in suffo-
cation are absent in the case of hypoxia. Blur-
ring of vision, slight shortness of breath, a vague,
weak feeling, and a little dizziness are the only
warnings. Even these may be absent or so slight
as to be unnoticeable.

While still conscious. the aviator may lose
all sense of time and spend his last moments of
consciousness in some apparently meaningless

activity. In such a condition he is a menace to
his crew as well as to himself. Since the aviator
understands that it is the reduced air pressure
at higher altitudes which determines the effect
upon his body, he depends upon the altimeter
rather than his sensations or judgment to tell
him when he needs oxygen. The effects of hypoxia
at various altitudes are discussed in the following
paragraphs:

BELOW 10 THOUSAND FEET.Even below
10,000 feet some effects of hypoxia are present.
Generally, the eye is the first part of the body
to suffer effects of hypoxia. At a relatively low
altitude of 5 to 6 thousand feet, where no other
effects of hypoxia can be detected, night vision
is appreciably reduced. At 10,000 feet, night
operations may be seriously handicapped by poor
night vision which is due to mild oxygen starva-
tion. Thus, the use of supplemental oxygen on
night flights above 5,000 feet is required. Al-
though hypoxia affects the eyes in the daytime
as well as at night, the results during the day
are usually not as readily noticed below 10,000
feet.

BETWEEN 10 AND 15 THOUSAND FEET.
Although efficiency may be considerably im-
paired at 10 or 15 thousand feet, death from
oxygen starvation at these altitudes is virtually
unknown. The greatest dangers are from errors
in judgment or performance due to drowsiness or
mental confusion. At these altitudes, long flights
without oxygen often produce persistent drowsi-
ness and even excessive fatigue for many hours
afterward. Frequently, persistent headaches
develop soon after completion of the flight. For
these reasons, the use of oxygen on flights above
10,000 feet is required. Convenient portable
oxygen systems are available for aircraft which
do not normally carry oxygen equipment.

BETWEEN 15 AND 20 THOUSAND FEET.
Flights at 15 to 20 thousand feet, even for short
periods, must not be attempted without the use
of oxygen. Collapse and unconsciousness are
not uncommon. Failure to use oxygen may even
result in death, especially when the situation is
complicated by loss of blood in combat or by
shock due to pain or fear.

BETWEEN 20 AND 25 THOUSAND FEEL--
During World War II, a great proportion of
military flying was done in nonpressurized air-
craft between 20 and 25 thousand feet. Most of
the deaths from anoxia occurred in this alti-
tude range. The symptoms of drowsiness, men-
tal confusion, dim vision, and dizziness prevail
here as at lower altitudes, but they come much
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more quickly, giving less opportunity for cor-
rective action. Consequently, under no circum-
stances should aircraft ascend to these alti-
tudes, even for short periods, without the use of
oxygen by all persons aboard. The movement of
personnel in the aircraft requires the constant
use of walkaround equipment. Unusual actions
or failure of a crewmember to respond quickly
and clearly, when called, requires immediate
investigation.

BETWEEN 25 AND 30 THOUSAND FEET.
Between 25 and 30 thousand feet, collapse, un-
consciousness, and death follow interruption of
the oxygen supply within a very short time. Mask
leakage at these altitudes may cause a degree
of hypoxia which, although not noticed during
flight, can produce cons iderable fatigue and have
serious cumulative effects.

ABOVE 30 THOUSAND FEELAbove 30,000
feet, unconsciousness and death strike rapidly
and often without warning. At such altitudes, it
is imperative that all oxygen equipment be func-
tioning correctly and that each breath be taken
through a properly fitted oxygen mask. Above
a pressure altitude of 35,000 feet, pressure
breathing oxygen equipment is required.

CHARACTERISTICS OF OXYGEN

Oxygen, in its natural state, is a colorless,
odorless, and tasteless gas. Oxygen is consid-
ered to be the most important to life of all the
elements. It forms about 21 percent of the
atmosphere by volume and 23 percent by weight.

Of all the elements in the universe, oxygen
is the most plentiful. It makes up nearly one-
half of the earth's crust and approximately one-
fifth of the air we breathe.

Oxygen combines with most of the other
elements. The combining of an element with
oxygen is called oxidation. Combustion is simply
rapid oxidation. In almost all oxidations, heat
is giv-i off. In combustion the heat is given off
so rapidly it does not have time to be carried
away; the temperature rises extremely high, and
a flame appears.

Some examples of slow oxidation are the
rusting of iron, drying of paints, and the changing
of alcohol into vinegar. Even fuels in storage
are slowly oxidized, the heat usually being car-
ried away fast enough; however, when the heat
cannot easily escape, the temperature may rise
dangerously and a fire will break out. This is
called spontaneous combustion.

Oxygen does not burn, but does support com-
bustion. Nitrogen neither burns nor supports
combustion. Therefore, combustible materials
burn more readily and more vigorouly in oxygen
than in air, since air is composed of about 78
percent nitrogen by volume and only about 21

percent oxygen.
In addition to existing as a gas, oxygen can

exist as a liquid and as a solid. Liquid oxygen
is pale blue in color. It flows like water, and
weighs 9.52 pounds per gallon.

Liquid oxygen, commonly referred to as LOX,
is normally obtained by a combined cooling and
pressurization process. When the temperature
of gaseous oxygen is lowered to -182°F under
about 720 psi pressure, it will beg'in to form into
a liquid. When the temperature is lowered to
-297°F, it will remain a liquid under normal
atmospheric pressure.

Once converted into a liquid, oxygen will re-
main in its liquid state as long as the temperature
is maintained below -297°F. The liquid has an
expansion ratio of about 862 to 1, which means
that one volume of liquid oxygen will expand about
862 times when converted to a gas at atmospheric
pressure. Thus, 1 liter of liquid oxygen produces
about 862 liters of gaseous oxygen.

Until a few years ago, all oxygen carried in
naval aircraft was in the gaseous state. As flight
durations increased, however, it was found that
weight and space problems involved with carry-
ing increasing amounts of gaseous oxygen were
becoming intolerable. Liquid oxygen has proven
the answer to these problems. In its liquid state,
oxygen can be "packed" into containers small
and light enough to be carried even in fighter
type aircraft without weight and space penalty.

In the aircraft, oxygen in the liquid state is
carried in a container called a converter. This
is a double-walled, vacuum-insulated container
similar to the common Thermos bottle. The
converter is equipped with the necessary valves
aid tubing for vaporizing the liquid and warming
the gas to cockpit temperatures prior to breath-
ing.
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TYPES OF OXYGEN

Aviators breathing oxygen (MIL-0-27210D)
is supplied in two types (I and II). Type I is
gaseous oxygen and type II is liquid oxygen.
Oxygen procured under this specification is re-
quired to be 99.5 percent pure. The water vapor
content must not be more than 0.02 milligrams
per liter when tested at 70° F and at sea level
pressure. This is practically bone dry.
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Technical oxygen, both gaseous and liquid, is
procured under specification BB-0-925A. The
moisture content of technical oxygen is not as
rigidly controlled as is breathing oxygen; there-
fore, the technical grade should never be used
in aircraft oxygen systems.

The extremely low moisture content required
of breathing oxygen is not to avoid physical in-
jury to the body, but to insure proper operation
of the oxygen system. Air containing a high
percentage of moisture can be breathed indefi-
nitely without any serious ill effects. The mois-
ture affects the aircraft oxygen system in the
small orifices and passages in the regulator.
Freezing temperatures can clog the system
with ice and prevent oxygen from reaching the
user. Therefore, extreme precautions must bP
taken to safeguard against the hazards of water
vapor in oxygen systems.

HANDLING/SAFETY PRECAUTIONS

The pressure in gaseous oxygen supply cyl-
inders should not be allowed to fall below 50
psi. If the pressure falls much below this value,
moisture is likely to accumulate in the cylinder
and could be introduced into the oxygen system
of the aircraft, causing component malfunction.

All oxygen under pressure is potentially
very dangerous if handled carelessly. Personnel
servicing or maintaining oxygen systems and
components must be meticulously careful about
preventing grease, oil, hydraulic fluid, or simi-
lar hydrocarbons as well as other dirt and con-
tamination from coming in contact with lines,
hoses, fittings, and equipment. If, because
of hydraulic leaks or some other unpreventable
malfunction, components of the oxygen system
do become contaminated (externally), they should
be cleaned using only approved oxygen system
cleaning compounds. While some Maintenance
Instructions_Manuals specify the use of a vari-
ety of cleaning compounds such as Anti-icing fluid
MIL-F-5566, isopropyl alcohol, trichlorethylene
solvent MIL-T-7003, etc., the preferred com-
pound is Oxygen System Cleaning Compound
conforming to Military Specification MIL-C-
8638 or Ultra Clean SolventCleaning Compound
(Type I, Trichlorotrifluoroethane) conforming
to Military Specification MIL-C-81302B.

CAUTION: Under no circumstances
should a non-approved cleaning compound
be used on any oxygen lines, fittings, or
components.
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When handling oxygen cylinders the valve
protection cap should always be in place. Be-
fore removing the cap and opening the valve
insure that the cylinder is firmly supported.
A broken valve may cause a pressurized cyl-
inder to be propelled like a rocket.

DO NOT use oxygen in systems intended for
other gases or as a substitute for compressed
air.

Cylinders being stored for use on gaseous
oxygen servicing trailers or any other use must
always be properly secured. Do not handle
cylinders or any other oxygen equipment with
greasy hands, gloves, or other greasy materials.
The storage area should be located so that oil
or grease from other equipment cannot be
accidentally splashed or spilled on the cyl-
inders.

Additional precautions that have more ap-
plication to liquid oxygen handling are provided
in chapter 8. Precautions pertaining to the
servicing of both gaseous and liquid oxygen
systems are provided in chapter 10.

RESPONSIBILITIES OF THE AME

Personnel of the AME rating are responsible
for servicing and maintaining aircraft oxygen
systems, both gaseous and liquid. AME's are
also responsible for a preoperational check of
oxygen servicing equipment.

The AME3 must be familiar with the operat-
ing principles of aircraft oxygen systems and
oxygen servicing equipment. He should be able
to service oxygen systems, ground check them
for proper operation, locate and repair leaks,
and perform purging operations when necessary.

In addition to the foregoing responsibilities,
the AME2 should be familiar with the operating
principles of oxygen system components, be able
to remove and install system components, and
maintain oxygen servicing equipment.

GASEOUS OXYGENSYSTEM
COMPONENTS

Gaseous oxygen systems are used primarily
in large, multiplace aircraft where space and
weight limitations are less important items and
the systems are used only periodically.

Basically, all gaseous oxygen systems con-
sist of the following:

1. Containers (cylinders) for storing the
oxygen supply.
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2. Tubing to conduct the oxygen from the
main supply to the user(s).

3. Various valves for directing the oxygen
through the proper tubing.

4. A metering device (regulator) to control
the flow of oxygen to the user.

5. A gage (or gages) for indicating the oxygen
pressure.

6. A mask to direct the oxygen to each user's
respiratory system.

CYLINDERS

Gaseous oxygen cylinders used in naval air-
craft systems are generally high-pressure, non-
shatterable cylinders. The term shatterproof or
nonshatterable indicates that the cylinder is
designed to resist shattering when punctured
by a foreign object, such as gunfire, at a pres-
sure of 1,800 psi. The resistance to shattering
is generally achieved by the use of a heat-
treated alloy or wire wrapping applied to the
outside of the cylinder. The two most common
cylinder sizes are-514-cubic inch and 295-
cubic inch.

The chief advantage of the high-pressure
cylinder is that it minimizes space utilized for
storing gaseous oxygen. A secondary advantage
is if a cylinder charged with oxygen is punc-
tured, the steel around the entrance hole burns
in the oxygen atmosphere producing an ex-
tremely hot, long flame of short duration. All
high-pressure oxygen cylinders are painted
green in accordance with the established color
codes provided in MIL-STD-101A.

Cylinders come equipped with either a manu-
ally operated handwheel valve or an automatic
self-opening valve. (See figs. 7-1 and 7-2.)

The oxygen cylinder and handwheel valve as-
sembly (fig. 7-1) consists of a shatterproof sterl
cylinder and handwheel-operated seat valve for
releasing the contents of the cylinder. The hand-
wheel has four 5/16-inch diameter holes for the
attachment of remote-operation equipment if
n eeded.

The valve is equipped with a fusible metal
safety plug and a safety disc to release the con-
tents of the cylinder should the pressure become
excessive because of high temperatures. The
safety plug is filled with a fusible metal designed
to melt at temperatures ranging from 208°to
220°F.

The cylinder and valve assembly is con-
nected to the oxygen tubing by silver soldering

the tubing to a coupling nose and securing the
nose to the valve outlet with a coupling nut.

The self-opening (automatic) oxygen cylinder
valve is automatically opened when it is con-
nected to the oxygen line. The use of this type
of valve permits remote location of the oxygen
cylinder to places less vulnerable during combat
and more readily accessible for servicing.

REGULATORS

The success or failure of high-altitude flight
depends prhnarily on the proper functioning of
the oxygen breathing regulator. Acting as a
metering device, the regulator is the veryheart
of the oxygen system. To perform successfully
in an aircraft system, a regulator must deliver
the life-supporting oxygen in the quantities de-
manded throughout its entire range of operation.

Although personnel of the PR rating are
primarily responsible for maintenance of regu-
lators, the AME is responsible for performing
operational checks in the aircraft and for re-
moval and installation. In other words, the AME
removes a malfunctioning regulator from the
aircraft and delivers it to the regulator shop
where the PR determines the trouble and makes
the necessary repairs. When the trouble is cor-
rected, the AME reinstalls the regulator in the
aircraft.

Regulators may be grouped into the follow-
ing general types or groups:

Diluter demand regulators.
Automatic positive pressure diluter demand

regulators.
Miniature positive pressure 100% demand

type regulators. (This regulator is designed es-
pecially for use with low-pressure liquidoxygen
systems in aircraft equippedwith ejection seats,
and is described in chapter 8 of this training
manual.) Other regulators are described on the
following pages.

Diluter Demand Regulators
(2858 Series)

Demand type regulators deliver oxygen to the
lungs in response to the suction created by
normal breathing, that is, on demand. Each time
the user inhales, a valve in the mask closes and
one in the regulator opens. When the user ex-
hales the process is reversed. These move-
ments automatically stop and start the flow of
oxygen so that the user gets as much as he de-
mands and no more.
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CC.44(C

1. Cylinder 11.
2. Label-Instruction 12.

on Walter Kidde 13.
cylinders. 14.

3. Handgrips. 15.
4. Handwheel. 16.
5. Nut, handwheel. 17.
6. Washer, lock ex-

tension teeth, 18.
bronze, No. 10. 19.

7. Caps, valve.
8. Stem, upper. 20.
9. Diaphragm (set 21.

of 3). 22.
10. Bushing.

t2f:-.1s4

\ j

12

10

11

AM. 118

Gasket, bushing.
Cap, spindle.
Spring.
Seat, valve.
Plug, safety.
Disc, safety.
Washer, safety
disc.
Cap, outlet.
Washer, outlet
cap.
Body, valve.
Nut, coupling.
Nose, coupling.

Figure 7-1.-Gaseous oxygen cylinder and
handwheel valve assembly.
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Figure
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1. Self-opening high-pressure
oxygen valve assembly.

2. Safety plug assembly.
3. Safety disc.
4. Disc washer.
5. Spring nest.
6. Spring.
7. Assembly check.

7-2.-Self-opening oxygen cylinder
valve.

In order to conserve the supply of oxygen it
is automatically diluted in the regulator with
suitable amounts of atmospheric air. This di-
lution takes place at all altitudes below 34,000
feet. Above 34,000 feet 100% oxyGen is supplied.

Diluter Demand Oxygen Regulators, Models
2858-Al, 2858-A1A, 2858-B1, and 2858-C1 are
designed to be operated on an input pressure of
0 to 2,000 psi and to give diluted, or when
necessary 100 percent oxygen upon demand, up
to a ceiling of 35,000 feet.

This ceiling can be exceeded by 2,000 feet
during emergencies for short periods of time
only. These regulators are suction-diaphragm
operated. They automatically mix varying quan-
tities of air and oxygen, the ratio dependingupon
the altitude..

Except for a few minor modifications, the
2858 series regulators are all of the same basic
design. Figure 7-3 illustrates the 2858-Al. The
regulator has an independent oxygen emergency
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AM.120
Figure 7-3.Diluter Demand Oxygen

Regulator, Model 2858-A1.

valve. When the red emergency knob is turned
counterclockwise, a large continuous stream of
oxygen is allowed to bypass the entire regulator
mechanism and enter the elbow. A directional
arrow indicates the ON and OFF positions of
the knob. For emphasis, the directional arrow
is marked with luminous or radium paint.

The essential feature of diluter demand type
regulators is the diaphragm-operated demand
valve, which opens by slight suction on the
diaphragm when the user inhales, and which
closes when the user exhales. A reducing valve
located upstream from the demand valve pro-
vides a controlled working pressure. Down-
stream from the demand valve is the diluter
mechanism, which consists of a sealed, eva-
cuated bellows (aneroid assembly) that is used
to control the atmospheric air inlet.

When the diluter lever is positioned to
"NORMAL OXYGEN" the user gets mainly
atmospheric air at ground level, with very little
added oxygen. As the altitude is increased, the
air inlet is gradually closed by the bellows, thus
providing a higher concentration of oxygen until
at about 34,000 feet, the air inlet is completely
closed and the user gets 100% oxygen. As the
aircraft descends, naturally this process is
reversed.

The diluter knob can be set to give 100%
oxygen at any altitude. At moderate altitudes
this will cause the oxygen supply to be used
much more rapidly than normal. The diluter

knob should be set at "NORMAL OXYGEN"
for all routine operations. It is set at "100%
OXYGEN" when oxygen is being used because
of wounds, as part of the treatment for shock,
to protect against exhaust gases or other
noxious gases in the aircraft, to avoid bends
and chokes, or to correct a feeling of lack of
oxygen.

If the user's mask is properly fitted and all
equipment properly functioning, there should be
no feeling of lack of oxygen. If the user must
select 100% oxygen on a multiplace aircraft, the
aircraft commander should be so informed.

The emergency valve providedon the regula-
tor, when open, provides a steady stream of pure
oxygen to the user's mask, regardless of alti-
tude. The emergency position is selected in any
of the following emergencies:

Hypoxia or unconsciousness of any crew-.
member.

Sudden serious leakage in the user's oxygen
mask or mask to regulator tubing.

Malfunction of the regulator.

When it becomes necessary to utilize the
emergency mode of the regulator, the plane
commander/pilot should descend to an altitude
not requiring oxygen as soon as it is practic-
able. Use of the emergency position will exhaust
the oxygen supply in a very short time.

In all cases it is important to use the pre-
scribed mask-regulator combination since they
are not always interchangeable. For example,
the A-14 mask should be used with the regulator
illustrated in figure 7-3 in order that the
EMERGENCY valve may be used with safety
in an emergency. A continuous flow of oxygen
to a type A-13A mask will prevent theuser from
opening the compensated exhalation valve and
may allow dangerous pressure to build up in the
lungs.

The regulator illustrated in figure 7-3 is
typical of the type found on aircraft walkaround
oxygen cylinders. The physical appearance of
such regulators will vary some but the opera-
tion is nearly identical in all models. On several
models "NORMAL OXYGEN" is simply labeled
"ON" and "100% OXYGEN" is labeled "OFF".

The information provided on the modes of
operation for the regulators in this section
should enable the AME to successfully per-
form regulator operational checks which are
discussed in greater detail under the mainte-
nance section of this chapter.
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Automatic Positive Pressure
Diluter Demand Regulators

The Automatic Positive Pressure, Diluter
Demand Oxygen Regulators, Models such as
2867, 2872, 28'73, and 28'74, are used in high-
altituck) flight to supply oxygen under pressure
to the user. The regulator illustrated in figure
7-4 Is the 2867-B2.

SUPPLY PRESSURE

SAFETY
PRESSURE

100% OXYGEN- NORMAL
OXYGEN SELECTOR

AM.121
Figure 7-4.Automatic Positive Pressure Di-

luter Demand Oxygen Regulator, Model 2867-
B2.

It automatically mixes air and oxygen at a
ratio depending on altitude and delivers this
mixture to the user on inhalation. A pressure
breathing mask such as the type A-13A, must be
used, with these regulators. With a tight mask,
this regulator (supplying 100% oxygen) can be
u.Jed up to an altitude of 50,000 feet, under emer-
gency conditions. At altitudes above 35,000feet,
positive pressure is supplied to the user.

DESCRIPTION.Figure 7-5 illustrates an
operational schematic of the Model 2867-B2
regulator. The regulator is in the oxygen sys-
tem of the aircraft between the oxygen supply
and the user's mask. Oxygen is admitted to the
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regulator through the inlet fitting and filter. It
passes through a pressure reducer assembly
which drops cylinder pressure to a valve be-
tween 40-60 psi when there is a flow through
the regulator. Air is admitted to the regulator
through the air valve (100% and NORMAL OXY-
GEN selector valve) located on the panel of the
regulator.

The knob marked "OXYGEN SUPPLY" con-
trols the oxygen supply from the cylinders to
the regulator. The pressure reducer assembly
consists of a springloaded bellows which is re-
cessed in the housing within the pressure re-
ducer assembly. Oxygen flows through the re-
ducer assembly and into the upper part of the
demand valve chamber where further flow is
prevented by the normally closed demand valve.

The demand valve basically consists of a
stem which is connected to the demand valve
lever. The opposite end of the demand valve
lever is attached to the diaphragm. When the
mask wearer inhales, the diaphragm moves in-
ward and causes the demand valve to open.

The flow indicator assembly consists of a
diaphragm which is linked to a lever and plate
blinker mechanism. Oxygen pressure in the flow
indicator channel causes the diaphragm to move
outward and through linkage to the blinker por-
tion of the indicator causes the black portion of
the indicator to come into view with each breath
of the mask wearer.

On demand, the oxygen flows from the demand
valve and into the injector assembly, causing the
injector nozzle to compress a spring. The small
nozzle opening causes a pressure drop which, in
turn, causes the light spring-loaded air cheek
valve to open and admit air. The air is carried
along with the oxygen, and delivered to the mask.
The air-to-air oxygen proportion varies with the
altitude. In the presence of deep inhalation by the
user, the injector nozzle moves forward against
the pressure of the spring and uncovers two slots
in the injector sleeve to permit agreaterflow of
oxygen to the interior of the regulator case and
subsequently to the mask.

The air aneroid and checkvalve assembly, lo-
cated beneath the air valve lever, contains an an-
eroidbellows which expands gradually as the at-
mosphere becomes rarefied (altitude increases).
As the aneroid expands, it progressively de-
creases the amount to which the air valve may
openuntil at an altitude of approximately 32,000
feet, the air passage through the regulator is
completely closed. The check valve consists of a
spring-loadeddisc pressing against a seat at the

3i)
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bottom of the aneriod housing. Pressure of this
disc against the seat permits air to pass through
the check valve assembly onlY when there is a
p ressure drop in the mixing tube (on inhalation).

The counterweight lever assembly is part of
the linkage system connecting the diaphragm and
the demand valve lever. The counterweight func-
tio 'o depress the spring-loaded end of the
de _1 valve lever thus opening the demand
vai t to permit a greater flow of oxygen. Under
evceptional demand conditions the demand valve

. 'or can also be depressed by rotation of the
s. Pt y pressure arm, as required, to permit a
greater flow of oxygen at a positive pressure.
The counterweight helps the user to inhale when
positive gravitational forces are encountered.

The pressure breathing aneroid assembly
begins to expand at a cabin altitude of approxi-
mately 35,000 feet. When expanding, the aneroid
creates a force on the diaphragm which, in turn,
opens the demand valve. Oxygen flows through
the demand valve and causes the pressure in the
mask to buildup until the internal force on the
diaphragm balances the force created by the
aneroid. At this time the demand valve will close.
Under pressure breathing conditions, this se-
quence provides continuous and constant pres-
sure at the mask during the breathing cycle.
The degree of pressure will depend upon the
cabin altitude.
MD-1 and MD-2 Oxygen Regulators

The MD-1 oxygen m,alator (fig. 7-6) iE
being used in several new multiplace naval air-
craft. This regulator is designed for use in
grseous systems, which utilize a pressure re-
ducer, and in liquid oxygen systems. The MD-2
is used in high-pressure systems. The MD-1
is described in the following paragraphs.

The MD-1 regulator is equipped with a relief
valve, flow indicator, panel lighting dial, a sup-
ply pressure gage, and three hand-operated
toggles. The relief valve, integral with the regu-
lator, relieves excess pressure built up at the
outlet. A small oblong shaped window area
located on the left side of the replator panel
indicates the flow of oxygen through the regulator
by a visible blinking action. A pressure wage,
located on the right side of the panel, indicates
inlet pressure to the regulator.

The regulator has three control toggles. A
supply toggle, located in the lower right corner,
is used to control the supply of oxygen to the
regulator. The diluter toggle, located in the lower
center of the panel, has two po8ition8-100%

AM.122
Figure '7-6.MD-1 oxygen regulator.

OXYGEN and NORMAL OXYGEN. In the 100%
OXYGEN position, the regulator delivers 100
percent oxygen upon inhalation by the user. In
the NORMAL OXYGEN position, the regulator
delivers a mixture of air and oxygen, with the
air content decreasing until at a cabin altitude
of approximately 30,000 feet is reached. Above
this altitude, 100% oxygen is delivered to the
mask upon inhalation.

The emergency pressure control toggle, lo-
cated on the left portion of the panel, has three
positionsEMERGENCY, NORMAL, and TEST
MASK. The EMERGENCY position delivers
positive pressure to the outlet at altitudes where
positive pressure is not automatically delivered.
In the TEST MASK position, oxygen is delivered
to the mask under pressure too high to breathe
and is used for checking the fit of the mask.
The switch must be in the NORMAL position
to assure normal system operation.

The operating pressure of the MD-1 regu-
lator is 50 to 500 psi. The MD-2 regulator
iS identical in every respect to the MD-1, except
for the operating pressure, which ranges from
50 to 2,000 psi.

TUBING

Two types of tubing are used in aircraft
oxygen systems. Low-pressure aluminum alloy
tubing may be used in lines carrying pressures
up to 450 psi. High-pressure copper tubing ill
used in !ines carrying pressures above 450 pol.
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NOTE: Some of the newer naval aircraft are
equipped with high-pressure oxygen lines made
of aluminum alloy.

Lines running from the filler valve to each
of the cylinders are referred to as filler lines.
Those running from the cylinders to the regu-
lators are called distribution (or supply) lines.

Oxygen lines, like all other lines in the air-
craft, are identified by strips of colored tape.
The strips of tape are wrapped around each
line near each fitting and at least once in each
compartment through which the line runs. The
color code for oxygen lines Ls green, with the
words BREATHING OXYGEN printed repeat-
edly on the green band. (See flg. 3-15 in ch. 3.)

High-Pressure Tubing

Resistance to fatigue failure is an important
factor, especially when lt Ls realized that the
line pressure in a high-pressure system will at
times exceed 1,800 psl and at other times be as
low as 300 psi. Because of this, there Ls a cer-
tain amount of expansion and contraction going
on all the time, even temperature changes add
to the condition. This condition causes "metal
fatigue" and Ls to be guarded against in both
the design and the construct Lon spec if lcat ions for
tubing. Steps are taken during installation to
prevent fatigue failure of the tubing. Tubing Ls
bent in smooth coils wherever lt Ls connected
to an inflexible object, like a cylinder or a
regulator. Every precaution that can possibly
be taken to prevent the accidental discharge of
compressed oxygen because of faulty tubing or
a faulty installation is accomplished. Although
simple in construction, tubing plays a major
role in routing the oxygen from the cylinders to
the regulator stations.

High-pressure tubing Ls usually seamless
copper tubing, and is manufactured In accord-
ance with strict specifications. It has an outside
diameter of 3/16 inch and a wall thickness of
0.035 inch. For application in high-pressure
oxygen installations, copper tubing Ls type N (soft
annealed), and is pressure tested at not less than
3,000 psi.

High-pressure tubing Ls used between the
oxygen cylinder valve and the filler connection
in all systems, between the cylinder valve and
the regulator Inlet in high-pressure systems,
and between the cylinder valve and pressure
reducer In reduced-high-pressure systems.

In order to connect high-pressure copper
tubing, adapters and fittings are silver soldered

to the tubing ends. Due to the high pressures
involved, the security (leak tightness) of all
high-pressure lines relies primarily on a metal-
to-metal contact of all lts fittings and connec-
tions. A fitting properly silver soldered to the
end of a length of copper tubing will not come
loose or leak.

Some of the later models of naval aircraft
utilize aluminum alloy or stainless steel tubing
in high-pressure oxygen system Installations.
Replacement tubing should be manufactured of
the same type material as the original tubing
or a suitable substitute as specified in the
Maintenance Instructions Manual.

Low-Pressure Tubing
Low-pressure tubing adaptable for use in

low-pressure lines Ls considerably different
from the type used in high-pressure lines. The
material used Ls aluminum alloy, andthe diame-
ter of the tubing Ls greater. All low-pressure
tubing used in oxygen systems is aluminum alloy
5052 tubing and Ls nonheat-treatable. It Ls manu-
factured in seamless, round lengths, and is
annealed to provide greater flexibility. Aircraft
oxygen systems are fitted with 5/16-, 3/8, and
1/2-inch sizes. Low-pressure tubing Ls installed
from the pressure reducer to the outlets in
reduced-high-pressure systems.

223

VALVES

Various tyyes of valves are installe:' in
gaseous oxygen systems. Among the most com-
monly used are check valves, pressure-reducing
valves, shutoff valves, and a filler valve.

Check Valves

Check valves are installed at various points
in the oxygen system. Their purpose is to per-
mit the flow of oxygen in one direction only.
Check valves are located in the system so as to
prevent the loss of the entire oxygen supply in
the event a cylinder or line Ls ruptured. Various
styles of single, dual, and triple check valves
are available, as shown in figure 7-7. The
arrow (or arrows) embossed on ths valve cast-
ing indicates the direction of flow through the
valve.

Pressure-Reducing Valve

Pressure-reducing valves (or pressure re-
ducers) are used in certain oxygen systems for
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Figure 7-7.Oxygen system check valves.
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the purpose of reducing high cylinder pressure
to a low working pressure. In most installations
the pressure reducers are designed to reduce
the pressure from 1,800 psi to a working pres-
sure of 60 to 70 psi. They are always located
in the oxygen distribution lines between the
cylinders and flight station outlets. Figure 7-8
illustrates a typical pressure reducer.

Filler Valves

All oxygen systems are so designed that the
entire system can be serviced (refilled) through
a common filler valve. The filler valve is gen-
erally located so that it may be reached by a
man standing on the ground or wing. The filler
valve contains a check valve which opens during

REGULATING VALVE

the filling operation and closes when filling is
completed. A dust cap keeps out dust, dirt,
grease, and moisture.
GAGES

Gages used in gaseous oxygen systems are for
the purpose of indicating the oxygen pressure in
pounds per square inch (psi). All systems are
equipped with at least one gage which indicates
the amount of oxygen in the cylinder(s). It also
indicates indirectly how much longer the oxygen
will last. The volume of any gas compressed
in a cylinder is directly proportional to the
pressure. If the pressure is half, the volume
is half, etc. Therefore, if 900 psi of oxygen re-
mains in an 1,800 psi system, half the oxygen
Es left.

PRESSURE ADJUSTING

SCREW

AM.124
Figure 7-8.Pressure-reducing valve.
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A pressure gage is always mounted at each
flight station, usually on the regulator. These
gages are calibrated to indicate from 0 to 2,000
psi on high-pressure systems and 0 to 500 psi
on low-pressure systems.

TYPICAL GASEOUS OXYGEN SYSTEMS

Naval aircraft equipped with high-pressure
type systems are designed to be filled to ap-
proximately 1,800 psi, depending on the ambient
temperature. On some systems the high pressure
is reduced to a working pressure of 60 to 70
psi by a pressure reducer in the distribution
lines. On other systems the high cylinder pres-
sure is reduced to working pressure within the

r=02(

regulator. Systems equipped with pressure re-
ducers are usually referred to as reduced-high-
pressure systems.
REDUCED-HIGH-PRESSURE SYSTEM

The reduced-high-pressure oxygen system
used on the P-3 aircraft is shown in figure 7-9.
In this system oxygen is stored in three high-
pressure cylinders. The oxygen supplies three
regulators, one each for the pilot, copilot, and
the plane captain.

NOTE: Since the P-3 is a pressurized air-
craft, the oxygen system is considered as a
supplementary or emergency life-support sys-
tem. The cabin crewmen are supplied with
"walkaround systems."

SMOKE
MASKS

-)HIGH PRESSURE
OXYGEN CYLINDERS
AND VALVES PRESSURE DEMAND REGULATOR

EMER

NORMAL
TEST

MASK

e'S I 00% 0 N

LI
OXYGEN

JOFF

UPPLY
NORMAL
OXYGEN

7
PRESSURE
DEMAND
REGULATORS

HIGH

GAGE 0PRESSURE

44,
PRESSURE MANIFOLD

FILLER
VALVE

RELIEF
VALVE

PRESSURE REDUCER

OVERBOARD
DISCHARGE

AM.125Figure 7-9.Reduced-high-pressure oxygen system schematic.
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System Operation

The pressure manifold, which is equipped
with internal check valves, receives oxygen flow
from the cylinders, manifolds the flow into a
common line, and routes it to the pressure re-
ducer. The manifold assembly also connects to
a filler line, allowing the three cylinders to be
recharged simultaneously from an external
supply. The pressure reducer decreases the
pressure to 65 psi.

Incorporated on the low-pressure side of the
pressure reducer is a relief valve which connects
through tubing to an overboard discharge indi-
cator. In the event of excessive pressure devel-
oping within the low-pressure section of the
pressure reducer, the excess pressure will flow
through the relief valve and out the dump line.
This flow will rupture the green disc in the
discharge indicator, giving a visual indication
of a malfunctioning pressure reducer.

A line from the high-pressure side of the
pressure reducer connects to a gage in the cock-
pit. Thls gage gives the pilot an indication of
pressure in the three storage cylinders.

The oxygen flows from the low-pressure side
of the reducer to the three regulators. A flexible
hose attached to each regulator provides for
ready attachment of the oxygen mask.

HIGH-PRESSURE SYSTEM

The oxygen system with its components il-
lustrated in figure 7-10 is used on the T-39D
aircraft.

High-pressure oxygen in the storage cyl-
inders is sensed by a transmitter immediately
downstream from the single high-pressure out-
let. This pressure is transmitted to an indicating
gage on the left of the pilot's instrument panel.
The pressure-reducing valve reduces the cylin-
der pressure (1,800 psi) to 350 (±50) psi before
it enters the pressurized cabin area. Oxygen is
supplied directly to ihe six oxygen regulators
in the cockpit and aft cabin areas.

The regulators automatically supply a proper
mixture of oxygen and air (upon demand) at all
cabin altitudes to 27,000 feet, at which altitude
100% oxygen is supplied (pressure-fed). It in-
corporates a diluter lever, an emergency toggle
lever, a pressure gage, a flow indicator, and an
oxygen supply lever. The diluter lever is used to
select either normal oxygen under all normal
flight conditions or 100% oxygen during emer-

gencies, such as when there is smoke or fuel
fumes in the cockpit.

PORTABLE OXYGEN SYSTEMS

Portable oxygen systems include walkaround
cylinders, survival kit units, and bailout units.
These systems are used primarily to maintain
crew functions in the event of failure of the
fixed oxygen systems. The survival kit oxygen
system also performs the same function during
descent after bailout. All of these are small,
lightweight, high-pressure, self- contained gase-
ous systems which are readily removed from
the aircraft.
WALKAROUND CYLINDERS

Walkaround cylinders are standard equip-
ment on many transport, patrol, and early
warning aircr ift, and are used separately or in
addition to a permanently installed oxygen sys-
tem. Each system consists of a reducer and
regulator assembly mounted directly on a small
oxygen cylinder.

Figure 7-11 illustrates a high-pressure
walkaround oxygen system. A 96-, 205-, or 295-
cubic inch capacity, 1,800 psi cylinder is
equipped with a regulator which is connected to
the cylinder with a short coiled length of copper
tubing. A short flexible breathing tube, clamped
to the outlet of the regulator at one end and
fitted with a connector at the other end, provides
the necessary assembly for the attachment of
the demand mask tube. Straps fastened to the
cylinder bracket provide the means for securing
the unit to the user's seat or part of the air-
craft's structure. The cylinder bracket may be
placed horizontally or stood on end while in use.
The straps can be used as a handle to facilitate
carrying it from place to place. Because of its
weight, the walkaround unit should not be car-
ried by its breathing tube, regulator, or copper
tubing. A 205-cubic inch capacity portable high-
pressure unit weighs approximately 20 pounds,
12 ounces.

The high-pressure walkaround unit is
equipped with a pressure gage threaded into the
regulator inlet, which affords the means of
checking the remaining supply of oxygen in the
cylinder. These units cannot be refilled from
the aircraft's system, but must be serviced by
portable and/or permanent type oxygen recharge
equipment. This requires the loosening of the
bracket and disconnecting the copper tubing at
the cylin&r valve, which is the handwheel type.
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Figure 7.10.High-pressure oxygen system,
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PRESSURE

EMERGENCY VALVE

Figure 7-11.Walkaround oxygen bottle (cylinder).

SURVIVAL KIT OXYGEN SYSTEMS

The survival kit oxygen system is similar to
the reduced-high-pressure system discussed
earlier in this chapter. The major difference
is the size of the components used in the sur-
vival kit system. The survival kit system parts
are miniaturized to permit their installation in
the container wl. 211 fits into the seat bucket of
the ejection seat.

Figure 7-12 shows the survival kit system
used in the F-4 aircraft. The upper half of the
kit, which contains the emergency oxygen sys-
tem, is illustrated in figure 7-13. Most survival
kit oxygen systems are similar to the one shown
in figure 7-13 except for the shape of the oxygen
cylinder. The cylinder could be a standard small
type similar to the one shown tn figure 7-14,
"U" shaped, or "coil" shape. The latter two
were designed to accommodate a larger volume
of oxygen for high-altitude ejection.

The coil type oxygen cylinder shown In
figure 7-13 is constructed of steel tubing and Is
designed to hold 100 cubic inches of gaseous
oxygen at 1,800 psi. The flow of oxygen is
controlled and regulated by the pressure reducer
manifold (fig. 7-13). The filler valve and oxygen
pressure gage are attached to the manifold.
The manifold Is actuated automatically during
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ejection or manually by pulling on the emergency
oxygen release ring (fig. 7-12).

The survival kit system may be serviced in
the aircraft or removed from the aircraft for
servicing. Low oxygen pressure in a cylinder
that has not been actuated by the crewmember
for use is usually an indication of a leak. In such
cases the survival kit may have to be removed
and forwarded to the survival equipment shop
for repair.

The survival kit system consists of the kit
and upper and lower personal equipment quick-
disconnect blocks. The function of the kit is to
provide support for the crewman during normal
and emergency flight .conditions. Dering normal
flight, the system r. ovides a seat cushion for
the crewman and a . mting for ventilation air,
anti-g pressure, brthing oxygen, and com-
munications. During emergency conditions and
high-alt:tude ejection, the kit provides oxygen
for breathing. Flotation :nd survtNal equipment
are included in the ,:)wer oil the kit to pro-
vide support on w er o re.note areas. The
inspection hole on : .e rtnt of the Peat
cushion provides v. 'Xif eterving the
emergency oxygen cy; gage. The
"Lift Here" arrow C)t, location of
the kit carrying handle.
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OXYGEN AND
COMMUNICATIONS CONNECTOR

UPPER BLOCK
RELEASE KNOB

KIT RELEASE
-HANDLE . UPPER BLOCK

LOCKING
INDICATOR

Figure 7-12.Surviva1 kit system (F-4).

The survival kit release handle, located on
the left-rear side of the upper half, is used to
open the kit. This is accomplishedby depressing
the locking trigger and pulling up on the handle.
On some model survival kits an interlock lever
must be depressed prior to moving the kit re-
lease handle during ground maintenance to pre-
vent Life raft inflation.

Survival Kit System Operation

Upon ejection from the aircraft, the survival
kit emergency oxygen is tripped as the lower
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block of the composite disconnect separates
from the intermediate block. This provides the
crewman with breathing oxygen as he descends
from high altitudes. If for any reason the oxygen
falls to trip automatically, the crewmember
must pull the emergency oxygen release ring,
located on the front of the survival kit.

hi over water operation, the crewmmber
must pull up on the kit release handle when a
low altitude is reached. This action releases the
bottom of the survival kit container and causes
the raft to inflate. The container and raft drop
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1. Emergency 02 cylinder. 13. 02 emergency actuating cable.
2. Lid lock hook shim. 14. Drop line lanyard.
3. Lid lock hook, 15. Intermediate block.
4. 02 high pressure line. 16. Anti-g air passage.
5. Leg support pad. 17. Lower block lock recep-
6. Lid hinge. tacle.
7. Emergency 02 release ring. 18. Communications connector.
8. 02 actuating cable. 19. Emergency 02 actuator.
9. Pressure reducer manifold. 20. Vent air passage.

10. Toggle arm. 21. 02 passage.
11. Filler valve. 22. Container shell.
12. 02 low pressure line. 23. Mating rim.

Figure 7-13.Survival kit container (emergency oxygen systemupper half).
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and hang from a drop line lanyard secured to
the container top. After entering the water and
climbing aboard the life raft, the crewmember
pulls in the survival equipment container and
initiates appropriate search and survival pro-
cedures.

BAILOUT BOTTLES (CYLINDERS)

The bailout bottle (cylinder) is a portable
oxygen system which is installed in the seat pan
of parachutes used in aircraft which are not
equipped with ejection seats. The H-2 Emergency
Oxygen (bailout bottle) Cylinder is shown in
figure 7-14. This unit consists basically of a
22.5-cubic inch cylinder, a metering orifice, a
refill valve, a pressure gage, a ball handle (or
"green apple"), a caution tag and pin, anda tube
and connector.

The tube and eonnector attach to the oxygen-
mask-hose connector for either the A-13A
pressure-breathing mask or the A-14 demand
mask. The oxygen cylinder, stored in the seat
pan, is filled through the refill valve with 99.5
percent pure aviator's breathing oxygen to a
pressure of 1,800 psi.

For maximum performance of this emer-
gency-oxygen equipment, the following oper-
ational instructions should be followed:

1. The caution tag and pin must be removf d
from the cylinder after installation in the air-
craft.

2. Before a bailout the emergency-oxygen
system should not be actuated until the last
possible instant before leaving the aircraft. In
the case of multiplace aircraft, the aircraft
c w should remain connected to the regular
aircraft oxygen supply while all other prepara-
tions for leaving the aircraft are made.

3. To actuate the mechanism, a force of 20
pounds (a hard pull) in a straight-up direction
must be exerted on the ball handle. When the
ball is pulled, the cable does not disengage from
the cylinder as a parachute ripcord does, but
remains attached to the assembly.

4. The web tab on the oxygen-mask-hose
connector (MC-3A) should be attached to the
parachute chest buckle or other secure position
on the person before takeoff. This secures the
bottom end of the oxygen mask hose with the
connector and prevents possible injury as a
result of the hose striking the face after bailout.

To use this emergency equipment in case
the regular aircraft oxygen system fails, the
user should:

1. Put the emergency-oxygen equipment into
operation by pulling the ball handle immediately
after the malfunctioning of the regular oxygen
system is noted.

2. Disconnect the mask tube connector from
the aircraft breathinc; tube and proceed in 10
minutes or less to an altitude at which the use
of oxygen is not required.

GASEOUS OXYGEN SYSTEM
MAINTENANCE

The maintenance procedures discussed in
this section are general in nature. Consult the
applicable Maintenance Instructions Manual
prior to performing any maintenance on each
specific type of aircraft. Routine maintenance
includes servicing of cylinders, checking the
system and regulators for leaks, operationally
checking the system, and troubleshooting mal-
functions.

TROUBLESHOOTING

Malfunctions may become apparent during
inspections, testing, or actual use of the oxygen
system. The remedies for some malfunctions
will be quite obvious, while others may require
extensive time and effort to pinpoint the actual
cause. The effectiveness of corrective action
will be dependent on an accurate diagnosis of
the malfunction.

Troubleshooting of the gaseous oxygen sys-
tem, as with other systems, is the process of
locating a malfunctioning component or unit in a
system or mechanism. In order to troubleshoot
intelligently, the AME must be familiar with the
system and know the function of each component
within the system. He can study the schematic
diagrams of the system provided in the Mainte-
nance Instructions Manual to gain a mental pic-
ture of the location of each component in relation
to other components. By learning to interpret
these diagrams, the AME can save time in iso-
lating malfunctioning components. The sche-
matic diagram does not indicate the location of
components in the aircraft; however, it will pro-
vide the AME with the means to trace the oxygen
flow from the cylinder through each component
to the mask.

Installation diagrams provided in either the
MIM or the Illustrated Parts Breakdown will
assist the AME ln locating the particular com-
ponent in the aircraft.

The Maintenance Instructions Manuals pro-
vide a variety of troubleshooting charts which
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AM.129
Figure 7-14.Type H-2 Emergency Oxygen

Bottle (cylinder).

Nomenclature for figure 7-14.

1. Hose. 10. Body assembly.
2. Tag assembly. 11. Cylinder.
3. Ball and head

assembly.
12. Screw and

washer as-
4. Bushing assembly. sembly.
5. Nipple. 13. Cap.
6. 0-r ing. 14. Filter.
7. Orifice assembly. 15. Ferrule.
8. Spring. 16. Shell and core
9. Gage. assembly.

are intended to aid the AME in discovering the
cause of malfunction and their remedy. Table
7-1 illustrates one type of chart. The discrepancy
is listed in the left-hand column with the prob-
able cause in the second and the remedy in the
third. The list of probable causes is arranged
in the order of probability.

Some manufacturer's troubleshooting charts
or aids may include several sheets, similar to
the one illustrated in table 7-2. This sheet gives
a step-by-step method to correct known mal-
functions. Notice how each step progresses
through the system. At each step it indicates a
correction procedure; however, if the system
checks OK at that point, directions are given to
proceed with further logical troubleshooting. In
almost all cases the steps of troubleshootingare
arranged to correnpond with the steps of the
operational checkout procedures. In any case the
AME who utilizes the seven steps to follow dur-
ing troubleshooting (discussed in chapter 5) will
find that his troubleshooting attempts are defi-
nitely more efficient than the haphazard methods
employed by some less than professional me-
chanics.

PURGING
When aircraft gaseous oxygen systems are

opened due to replacement of parts in the sys-
tem, all lines and equipment must be immediately
plugged or capped to prevent entrance of foreign
material. Use only clean caps or plugs to close
such oxygen equipment openings. Tape, rags,
paper, etc. are specifically prohibited.

If a gaseous oxygen system has been acci-
dentally left open due to replacement of parts,
tint is, If all lines were not properly plugged or
capped, the system must be purged. Also, if the
oxygen supply was drained (completely used up)
during flight and was not recharged with oxygen
within 2 hours after landing the system must be
purged.
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Table 7-I.Gaseous oxygen system troubleshooting.

Discrepancy Probable cause Remedy

Excessive leakage of system
pressure.

Filler valve leaking.
Leak in lines.

Flexible hose leaking.

Regulator not shut off.

Replace filler valve.
Check tubing, fittings, and con-

nections and repair or replace
as necessary.

Replace hose.

Shut off regulator.

Crewmember receives in-
sufficient oxygen at high
altitude.

Improperly functioning
regulator.

Ill-fitting mask.

Mask flapper valve not
operating properly.

Flexible Wbing to mask
crushed or kinked.

Replace regulator.

Refit or replace mask.
Check mask exhalit , . .

Replace tubing as necessary.

No pressure reading at
the regulator.

Defective regulator.

Oxygen supply turned off.

System not charged.

Replace regulator.

Turn on cylinder I.and valve if so
equipped.

Replenish oxygen supply.

Regulator pressure gage
indications are
incorrect.

Gage defective. Replace gage.

Regulator flow indicator
not functioning.

Indicator defective. Replace regulator.

Purging is accomplished by one of the follow-
ing methods:

In aircraft having the filler lines and distribu-
tion lines commonly connected to one end of the
storage cylinder(s), purging is accomplished by
filling the system with gaseous oxygen and then
draining the system at least three times.

In aircraft having the filler lines connected
on one end of the cylinder and the distribution
lines connected to the opposite end, purging is
accomplished as follows:

1. Connect an oxygen servicing trailer to
the oxygen filler valve.

2. Open the oxygen regulator(s) supply
valve, place the air dilution valve at 100%
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OXYGEN, and place the safety pressure valve
in the ON position.

3. Set the servicing trailer regulator at
50 psi and allow oxygen to pass through the
entire system for a p?riod of at least 30
minutes.

SYSTEM LEAKAGE

Oxygen system leakage is deterwined by
comparison of the oxygen-cylinder pressure-
gage readings at the start and end of a 24-hour
period. The system pressure must not save
decreased below the specified limits after al-
lowance for temperature changes has been made.
Where the system pressure drop exceeds the
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Table 7-2.Oxygen system troubleshooting (P3-sheet 3).

CHART NO 2

IINSUFFICENT

OXYGEN

AT ALTITUDE

CHECK COPILOTS
AND PLANE CAPTAINS
REGULATOR

DEFECTIVE_ J....REGULATOR

REGULATOR OK

CHECK PILOTS, COPILOTS,
AND PLANE CAPTAINS
SMOKE MASK FOR
PROPER OPERATION

DEFECTIVE

SMOKE MASK

i
'REPLACE

BREATHING
TUBE

KINKED OR CRACKED

BREATHING TUBE

IRREGPULALCA.EOR I

MASK

OK

CHECK PILOTS, COPILOTS,
AND PLANE CAPTAINS
BREATHING TUBE
FOR KINKS OR
CRACKS

LBREATHING
TUBES

CHECK PRESSURE
REGULATOR FOR
PROPER OPERATION

DEFECTIVE LREGULATOR

irPRESSURE

REGULATOR OK

LOSS OF SYSTEM
PRESSURE-SEE
CHART NO.1

specific allowable amount, excessive leakage is
indicated, and the particular aircraft affected
should not be flown above 10,000 feet until
excessive leakage is eliminated. The allowable
system pressure drop for a 24-hour period for
high-pressure oxygen systems using cne of the
following size oxygen cylinders with one oxygen
regulator is as follows:
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295-cubic inch cylinder 90 psi
514-cubic inch cylinder 50 psi

To determine allowable pressure drop for
oxygen systems utilizing more than one cylinder
of the above sizes and/or more than one oxvgen
regulator, the allowable pressure drop for a
single cylinder/regulator installation should be
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divided by the number of cylinders used and
multiplied by the number of regulators installed
in the system.

EXAMPLE: Three 514-cubic inch oxygen
cylinders; two oxygen regulators. Allowable
pressure drop for system utilizing one 514-
cubic inch cylindrr with one oxygen regulator
is 50 psi; therefore, the allowah, pressure
drop for a 24-hour per1od ,s

50 x 2/3 = 33.3 psi

Allowance should be made for temperature
change betwee start and finish of the test
period hefore determining the pressure drop.
Such correction if-. approximately 3.5 psi in-
crease for each degree (Fahrenheit) rise in
temrerature; and approximately 3.5 psi de-
crease for each degree (Fahrenheit) drop in
temperature.

REGULATOR LEAKAGE

Periodically, the :ygen regulators must be
checked for leakage. Outlined below is the pro-
cedure recommended in the Maintenance In-
structions Manual for a typical naval aircraft.
For some installations the procedure may vary
slightly, depending upon the type of regulator
installed in the aircraft.

1. Charge the oxygen system to a pressure
of 1,800 psi.

2. Turn on full oxygen supplygage on the
regulator should read 1,800 psi.

3. Operate safety pressure lever and note
that there is a flow of oxygen through the regu-
lator. If no flow is obtained, replace the regu-
lator.

4. Place diluter control in 100% OXYGEN
position.

5. Inhale through the regulator to determine
whether the demand valve and flow indicator are
functioning. If no oxygen flow is obtained, or if
the indicator does not operate, replace the regu-
lator.

6. With supply pressure still ON, turn off
regulator valve. Pressure trapped by the valve
as indicated by the pressure gage must not fall
more than 100 psi in 2 minutes. L pressure
drop is more than 100 psi in 2 minutes, replace
the regulator.

T. With the supply pressure still ON, attach
the quick-disconnect male portion of the breath-
ing tube to the breathing tube coupling. Place
a continuous film of leak test solution (MIL-L-
I5567A) across the open end of the breathing

tube. Hold the tube steady. Formation of a bubble
expanding more than 1/16 inch in 3 seconds
indicates internal leakage within the regulator.
Repeat this test three or four times to make
sure that excessive forward motion of the leak
test solution film is not caused by temperature
differences between inside and outside of regu-
lator. A defective regulator must be replaced.

CAUTION: Leak test should be made with a
leak test solution which conforms to Specifica-
tion MIL-L-25567A. After the test, all solution
must be removed with clean water and tested
areas dried with a clean cloth. Do not permit
the solution to run into the regulator.

PREFLIGHT INSPECTION
OF REGULATORS

Before each flight which will require the use
of oxygen, regulators must be given a functional
test. Outlined below is a typical procedure:

1. Turn the oxygen supply shutoff valve to
ON pos it ion.

2. Check oxygen system pressure. If the
system is full,. charged, the gage should read
1,800 ± 50 psi at 70' F.

3. Test th, breathing tube, couplings, regu-
lator diaphragm, and diluter check valve for
leakage by grasping the breathing tube and fully
stretching it. While the tube is fully extended,
place the thumb over the open end of the dis-
connect and permit the breathing tube to con-
tract. Observe the blinker plate of the oxygen
flow indicator as back pressure operates the
blinker. If after 5 seconds the blinker plate
has not returned to its normal position, all
portions of the system from the regulator de-.
mand valve to the breathing tube disconnect are
acceptable as to leakage. If the flow indicator
face closes within 5 seconds, leakage is exces-
sive. If leakage exists, check the couplings,
outlet elbow, and breathing tube clamps for
t ightness.

4. Fully engage the mating portions of the
coupling, connecting the mask to the personnel
gear adapter. The force required to disconnect
the coupling should not be less than 10 pounds.

5. Check the operation of the regulator by
breathing several times with the air valve in
both the NORMAL and 100% OXYGEN positions.
Check the operation of the safety pressure valve
for a positive flow of oxygen with the lever in
the ON position. Observe the oxygen flow indi-
cator to confirm the positive flow of oxygen to
the mask.
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INSTALLATION OF REGULATORS

The following is a typical regulator instal-
lation procedure. Removal of the regulator is
performed in the reverse order. NOTE: When
removing of installing oxygen regulators, refer
to the appropriate volume of the applicable
Maintenance Instructions Manual for detailed
instructions concerning the particular aircraft.

1. Remove the dust plugs from the inlet
fitting and outlet elbow.

2. Apply oxygen system ant iseize and sealing
compound to the male threads. Do nct allow the
compound to run into the open end of the nipple.

3. Set the reb-ulL L in position onthe mount-
ing bracket and attac., the oxygen supply line.

4. Remove the plug from the flow indicator
connection.

5. Apply thread lubricant (as .1ve) to the
flow indicator line nipple, and ins !le nipple
into the regulator boss. Tighten _fully; do
not exceed a torque of 50 inch-pounds.

6. Attach the regulator to the mounting
bracket.

7. Attach mask-to-regulator tubing to the
oxygen-air outlet with hose clamp.

8. Connect oxygen cylinder(s) to supply
1 ines.

9. Check the regulator for proper operation.
10. Check all fittings for leakage using leak

test solution.

INSTALLATION AND CHECKOUT
OF SYSTEM COMPONENTS

A thorough knowledge of the following gen-
eral procedures for installation and checkout of
oxygen system components should expedite the
handling of oxygen system components and help
prevent serious accidents or possible death.

1. Insure that only tubing assemblies which
have been tested, cleaned, capped, and properly
identified are used in oxygen systems.

2. Use only the type of fittings specified for
the particular oxygen system. Never use fittings
with pitted or otherwise disfigured cones, or
imperfect threads.

3. Use only the specified valves, reducers,
and regulators. Always refer to the applicable
Illustrated Parts Breakdown for the proper
parts.

4. Because of the explosive nature of an
oxygen/grease mixture, none of the standard

thread compounds can be used on oxygen fit-
tings. Acceptable compounds are limited to those
approved under MIL-T-5542C and antiseize tape
conforming to Military Specification MIL-T-
27730A and are used only to prevent thread
seizure. These compounds should be applied
sparingly and carefully to male pipe threads
only. Do not dip the fitting into the thread com-
pound. Thread conr:ound must not be used on
flared-tube fitting saaight threads. Never per-
mit the compound to enter a fitting. Naturally,
extreme care should be exer,:ised to prevent
contamination of the thread compound itself with
oil or grease. Antiseize tape is applied to oxygen
tapered pipe thread fittings as previously cov-
ered in chapter 3.

5. Be certain that bonding surfaces are free
of primer and residue of any sort. Electrical
bonding prevents the buildup of high potential
static charges that can be generated by the
friction of flowing gas. Arcing erodes metal,
and can actually perforate thin gage materials,
such as tubing walls.

6. When installing tubing, the fitting should
align without the use of undue force.

7. The torque values specified for the par-
ticular oxygen system should be strictly ad-
hered to when tightening the fittings. Never
overtorque a fitting to effect a seal or establish
a proper electrical bond; looson the fitting and
retorque it several times, if necessary, until
the seal or bond has been established.

8. If a section of an oxygen line is left open
or disconnected during installation, the open
fittings should be covered with suitable caps.
While making connections, insure thatlint, dust,
chips, or other foreign material is not allowed
to enter the oxygen system.

9. Upon completion of the installation of tub-
ing or components, the system should be pres-
sure checked for leaks. Each newly installed
connection should be checked (with the system
pressurized) using a leak test solution. Leak
test compound conforming to Specification MIL-
L-25567A is approved for this purpose. After a
connection has been leak tested, the leak test
solution should be removed from the tubing
completely by a thorough washing with clean
water. After rising, the tubing should be
dried.

10. The completed system should be purged
prior to releasing the aircraft for flight.

11. Always make a final operational check of
the finished system by checking the oxygen flow
when the regulator is turned on.
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SERVICING TRAILERS

There are several different models of gase-
ous oxygen servicing trailers currently in use
by naval activities. They are all similar in
operation; therefore, only one, the type NO-2,
manufactured by Aeroil Products, Incorpo-
rated, is described here. The general appear-
ance of the trailer is illustrated in figure 7-15.

Equipment provided on the trailer includes
two pressure regulators, an upper and lower
manifold, six manifold control valves with
pressure gages, a recharge valve, four shutoff
valves, a servicing hose fitted with a line
(service) valve and capable of accommodating
either a high-pressure or a low-pressure
charging adapter, a drier assembly, and six
cylinders and connecting flexible hoses. The
function of each of these components is de-
scribed in the following paragraphs.

COMP, )NENTS

Pressure Regulators

The pressure regulator controls the charg-
ing pressure when the trailer is being used to
service aircraft oxygen systems. Only one
pressure regulator is used during operation.
The spare is provided to insure uninterrupted
operation should one fail.

When the shutoff valves on the inlet and out-
let sides of the regulator are open, the pressure
regulator is ready for use. By turning the regu-
lator control handle clockwise, the pressure (as
read on the gage attached to the regulator) will
increase. Turning the control handle counter-
clockwise decreases pressure.

Manifold Control Valves

The six manifold control valves serve to
shut off the flow of oxygen from the cylinders
to the system being charged. These valves are
lever type valves. The manifold control valves
should not be used for long time storage. Al-
ways use the handwheel type valves located on
the cylinders.

Shutoff Valves

There are four shutoff valves, one on the
inlet side of each pressure regulator and one
on the outlet side of each regulator. These
shutoff valves control the flow of oxygen
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from the upper manifold to the lower mani-
fold, via the regulator.

2 5 0

Drier Assembly

The drier assembly is a reservoir con-
taining a chemical drying agent through which
the oxygen must pass before going through the
servicing hose. This chemical drier is pro-
vided to remove any moisture in the oxygen
supply. The oxygen flows into the bottom of
the drier, passes up through the drying agent,
and out through the servicing hose.

Recharge Valve

The recharge valve is provided as a means
of recharging the trailer cylinders directly
thro!igh the upper manifold without the neces-
sity of removing the cylinders. When not in
use, the valve adapter should be fitted with a
dust cap.

Servici7 Hose and Line Valve

The servicing hose is a high-pressure, non-
kinking, metallic flexible hose. The line serv-
icing valve is attached to the servicing hose
and is used to control the flow of oxygen to
the system being charged.

OPERATION

The six supply cylinders are connected by
means of flexible hoses to their respective
control valves. (See fig. 7-16.) The six con-
trol valves are attached to the upper manifold.
A pressure gage is screwed into each control
valve at a point below the seat. This allows
each cylinder pressure to be easily read.

The oxygen flows from the upper manifold
through either of two pressure regulators via
two shutoff valves.

The oxygen is collected in the lower mani-
fold where a gage registers the pressure of the
delivery side of the system. The lower mani-
fold is connected by flexible hose to a drier
which filters and dries the oxygen. The serv-
icing hose connects directly to the drier and
has a line servicing valve on the terminal end.
The line servicing valve is fitted with a stand-
ard oxygen cylinder connection.

NOTE: Servicing of gaseous oxygen sys-
tems is discussed in chaptt r 10.
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OXYGEN CYLINDER .

HOSE BASKET

HIGH PRESSURE
A DAPTER

OXYGEN
CYLINDER

SSURE

E

RECHARGE
VA LV E

PRESSURE

RE GULATOR

DRIER

MANIFOLD
CONTROL
VALVE

UPPER MANIFOLD

THERMOMETER

TABLE OF
F ILLING
PRESSURE

PRESSURE REGULATOR
VALVE

SHUTOFF VALVE

LOWER MANIFOLD

AM.130
Figure 7-15.Type ND-2 gaseous oxygen servicing trailer.
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OXYGEN
CYLINDER

OXYGEN CYLINDER
PRESSURE GAGE

CYLINDER VALVE

MANIFOLD CONTROL
VALVE

kECHARGE
VALVE

PRESSLRE REGULATOR

LOWER MANIFOLD

DRIER

SERVICE HOSE

SERVICE VALVE

STANDARD OXYGEN
CYLINDER COUPLING

AM.131
Figure 7-16.Type NO-2 gaseous oxygen servicing trailer (schematic).

MAINTENANCE

The AME is responsible for Organizational
and Intermediate level maintenance of gaseous
oxygen servicing trailers. Maintenance includes
loading of cylinders, miscellaneous parts repair
and/or replacement, and preoperational and
periodic inspections. Replacement of the drying
agent is covered as apart of the periodic Inspec-
tion requirements but may require more frequent
attention than the other inspection elements.

Loading Cylinders

The servicing trailer is capable of having its
cylinders recharged without removal. However,
most operating activities replace the empty
cylinders with full cylinders.

NOTE: Never completely expend the supply
of oxygen from a cylinder. Always leave a resid-
ual pressure in excess of 50 psi.

REMOVAL OF EMPTY CYLINDERS.When
the trailer has been In use and cylinder pressure

240



Chapter 7GASEOUS OXYGEN SYSTEMS

is low, the cylinders are removed as described
below.

1. Close all lever valves on the manifold
prior to removing any cylinders.

2. Close the cylinder shutoff valves.
3. Disconnect the flexible hcse which con-

nects the cylinder to the manifold.
4. Loosen the clamping arrangement which

holds the cylinders to the trailer. (See fig. 7-15.)
5. Install the cylinder safety caps.
6. Remove the empty cylinders.
CAUTION: Do not attempt to remove empty

cylinders while charging.
INSTALLATION OF FULL CYLINDERS.

The trailer should be loaded with cylinders
while fastened to a towing vehicle. If a towing
vehicle is not available, the rear stand should
be let down and the hand brakes applied so the
weight of the cylinders will not cause the trailer
to tilt backwards. The retractable swivel wheel
should be dnwn if the trailer is not hooked to a
towing vehicle. (When the trailer is hooked to the
towing vehicle, the swivel wheel should be re-
tracted.) Cylinders should be loaded from the
rear and should be handled with safety caps in
place. Standing cylinders should be brought to
within 4 feet of the rear end of the trailer. Ti
the cylinders are lying down, the safety cap
end of the cylinder should be just below the
rear of the trailer. The safety cap end of the
cylinder should be lifted or lowered and placed
in the appropriate channel. The bottom of the
cylinder should be raised and the cylinder
worked into place.

Insure that the cylinder is in its forward-
most position and firmly seated against the
forward cylinder stop. Remove the cylinder
safety cap. Position the cylinder so that the
cylinder valve outlet may be easily connected
to the flexible hose without causing undue strain
on the hose. Prior to connecting the hose to
the cylinder, crack (open) the cylinder valve
slightly to blow any foreign matter from the
outlet of the valve; then close the valve. Con-
nect the flexible hose nut to the proper cylinder
valve. As soon as the cylinders are in place
and the hoses connected, the clamping arrange-
ment should be tightened. The bottom four
cylinders are clamped in pairs by a wheel, and
the top -ylinders are tightened by a single strap
for each one.

After tightening the coupling nuts on the
hoses, the hoses should be free of torsional
(twisting) strain. This strain can be prevented
by gripping the hose with one hand and twisting

slightly in a clockwise direction while tighten-
ing the coupling nut. When the nut becomes
tight, the hose will twist (counterclockwise)
slightly as it seats, and will stop approximately
at its neutral position.

CAUTION: To eliminate the danger of an ex-
plosion, do not interchange parts between oxygen
servicing equipment and air/nitrogen equipment.
To prevent the possibility of interchanging simi-
lar parts between oxygen and air/nitrogen equip-
ment, all critical items for oxygen equipment,
(valves, regulators, and hoses) are manufactured
with left-hand threads.

After replacing the empty cylinders, the cylin-
der valves on the full cylinders should not be
opened until the trailer is positioned for servicing
an aircraft.
Replacement of Drying Agent

The chemical drier should be inspected after
every twelve cylinders are used, and the chemi-
cal agent should be replaced at the first sign of
change in the indicator. The drying agent is
white in color with an indicating agent, blue in
color. The indicating agent is applied on top of
the drying agent. When moisture is present, the
indicating agent will change color from blue to
pink. Inspection is easily made by removing
the servicing hose and unscrewing the top cap
of the drier container.

CAUTION: -)elieve all pressure prior to
replacement of chemical agent.

The drying agent is removed by removing
the hose connecting the lower cap and the lower
manifol trid unscrewing the drier lower cap.
All tra s of the contaminated agent should be
removed and the lower cap replaced and the
lower manifold hose connected. The drying agent
should be quickly placed in the drier so that it
does not pick up moisture from the air. Care
should be given to the replacement of the indi-
cating ag nt, and the top cap should be screwed in
place immediately after observing the condition
of the indicator so that the moisture of humid air
does not cause the indicator to change color.

The caps on the drier should be screwed
down until they bottom. The caps should only
be removed and replaced by hand. It is not
necessary to tighten the caps extremely tight.
The caps are sealed with 0-ring packings which
usually give good service. However, if leakage
occurs, the 0-ring should be replaced. Refer
to the applicable Operation and Service Instruc-
tions Manual (which includes the Illustrated
Parts Breakdown) for the part number of the
0-ring.
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NOTE: All maintenance on the gaseous oxy-
gen servicing trailer should be performed in
accordance with the instructions contained in
the applicable Operation and Service Instruc-
tions Manual or set of Maintenance Require-
ments Cards.

Daily/Preoperational Inspections

Maintenance requirements for the gaseous
oxygen servicing trailer are provided in daily
or preoperational and periodic Maintenance Re-
quirements Cards. These cards provide the
minimum requirements necessary to maintain
the equipment and insure thai no item is over-
looked. They do not contain instructions for
repair, adjustment, or means of rectifying
defective conditions. The cards are arranged
in a work area sequence similar to aircraft
Maintenance Requirements Cards so that the
inspections can be held in an efficient manner.

The daily requirements should be accom-
plished prior to the first use of the equipment
for tint day. It may be necessary to repeat
some of the requirements prior to each use of
the equipment. The daily inspection for the
Type NO 2 gaseous oxygen trailer is conducted
in the following manner:

1. Handbrake and connecting rods for dis-
tortion, security, and effective operation.

2. Main wheels for security; tires for cuts
and specified pressure of 70 psi.

3. Retractable wheels for proper swivel
action, security, and retracting, tires for cuts
and specified pressure of 30 psi if applicable.

4. Draw bar for cracks and security; safety
chains for security.

5. Toolbox for security and proper tool
content.

6. Cylinder racks and manifold stand for
security.

7. Assembly for evidence of leakage under
pressure.

WARNING: Do not use oil, grease, or other
readily oxidizable material with oxygen equip-.
ment.

CAUTION: Do not interchange parts be-
tween oxygen and air/nitrogen servicing equip-
ment because of danger of explosion.

8. Gages for cleanliness, fogged, and/or
cracked glass.

9. Valves for rotation without binding.
10. Regulators for proper operation.
11. Hose for chafing, kinks, and deteriora-

tion; service fittings for cleanliness and dis-
tortion.

12. Safety head for presence of proper fran-
gible disc.

NOTE: Relieve all pressure after inspec-
tion.

13. Oxygen storage cylinders for security.
14. Valves for cleanliness, rotation without

binding, and evidence of leakage.
15. Storage cylinders properly recharged.

NOTE: Performance of the inspection is
recorded on the Ground Support Equipment-
Daily Record, OpNav Form 4790/52. Manhours
expended performing the inspection are ac-
counted for on the Support Action Form (SAM
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CHAPTER 8

LIQUID OXYGEN SYSTEMS

The majority of naval aircraft are equipped
with liquid oxygen (LOX) systems. Liquid oxygen
systems are not particularly difficult to service,
nor are they unusually dangerous, provided all
the necessary safety precautions are observed.
Oxygen in the liquid form is generally less dan-
gerous than gaseous oxygen, which is stored at
a high pressure. However, because of its ex-
tremely low temperature, expansion of gasifica-
tion, and its property of supporting combustion,
safety precautions must be strictly observed.

SAFETY PRECAUTIONS

As already mentioned, the main dangers of
liquid oxygen are the extremely low temperature
of the liquid, its expansion ratio, and the sup-
porting of violent combustion. The liquid is non-
toxic, but will freeze (burn) the skin severely
upon contact.

Extreme caution should be taken not to touch
other implements containing liquid oxygen, un-
less gloves are worn. Without gloves, the skin
would immediately stick to the metal surface.

Personnel that could be exposed to accidental
spillage of liquid oxygen must wear a face shield,
coveralls, gloves, and oxygen safety shoes to
prevent skin and vision damage. Gloves, low cut
shoes, trousers with cuffs, and other improper
clothing which can form pockets capable of hold-
ing a quantity of LOX in contact with the skin for
a period of time long enough to cause free zing
present a real hazard. All personnel handling
LOX must be appropriately attired.

A greater danger than freezing is the com-
bustion supporting potential of oxygen. When
liquid oxygen is used, it is possible to build up
high concentrations of oxygen quickly. Many
materials such as cloth, wood, grease, oil,
paint, or tar will burn violently when saturated
with oxygen, provided an ignition source is
supplied. A static electric discharge or spark
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can serve as an igniter. Once an oxygen fire is
started it is virtually impossible to extinguish
it until the oxygen Eupply is cut off.

An added danger exists if a combustible
material is saturated with oxygen at low tem-
peratures. Many materials, especially hydro-
carbons, tar, etc., will burn with explosive
violence when so saturated and then subjected
to very mild shock or impact.

Extreme care must be taken not to splash
or spill liquid oxygen onto clothing. Mixed
with cloth, an ideal and deadly situation for a
fire existsa fire that cannot be put out.

Liquid oxygen by itself will not burn, but
mixing with the smallest amount of nearly any
material will cause the liquid to boil and splash
violently, and combustion is possible. If splashed
out of a container, it will split into many parts
upon contact with the ground. It must be poured
slowly from one container to another to avoid
excessive splashing and to allow the receptacle
to cool sufficiently without thermal breakage.

Never seal or cap the vent port of a liquid
oxygen system, located in the lower section of
the oxygen compartment and protruding through
the aircraft skin. Liquid oxygen at atmospheric
pressure will generate up to 12,000 pounds of
pressure if allowed to evaporate in a sealed
container or system which has no relief provi-
sions. Liquid oxygen evaporates and expands
into gaseous oxygen at a ratio of approximately
862 tc 1 by volume. In other words, 1 cubic foot
of liquid oxygen represents approximatPly 862
cubic feet of gaseous oxygen at the sar pres-
sure.

Access to oxygen supply/storage areas
should be limited only topersonnel familiar with
proper handling procedures. The area shouldbe
adequately ventilated and free of any materials
that could present a fire hazard.

All pressure type containers, plumbing, and
pressure relief devices should conform to the
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applicable Maintenance Manual and be kept in
good repair. The vents on liquid oxygen con-
tainers are designed to nave a sufficient flow
capacity to carry away any oxygen that may boil
off in case of accidental loss of insulation. DO
NOT cap such vents or cause the opening to be
restricted In any way.

The pressure relief assembly in LOX system
storage vessels consists of a reseatable relief
valve and a rupture disc in parallel. The assem-
bly is designed so that the relif valve relieves
first, with the rupture disc acting zs,s a safety
backup in the event the relief valvc rialiunctione
or its relieving capacity is exceeded.

LOX converters and serv icing trailers should
be stowed or parked so that they are protected
from excessive heat and the direct rays of sun-
light as much as is practical. All LOX containers
should be segregated from containers of other
gases or HT ids and all flammable materials.

Lubricants applied to wheel bearings and
chassis of the servicing equipment must be in
strict conformance to the applicable Maintenance
Requirements Cards and/or Maintenance In-
structions Manual. Hydrocarbons such as oil
and grease in the oxygen area of the servicing
trailer could result in serious injury, death,
and expensive property damage.

Smoking, open flames, or sparks should not
be permitted in any liquid oxygen handlingarea.
When transferring LOX provide adequate venti-
lation to prevent the formation of an oxygen
r ich atmosphere.

LOX spillage on floors cr deck areas should
be avoided. In case of accidental spillage, the
area should be adequately ventilated. Intentional
drainage of LOX from a system or container
must be caught in a clean drain can awl allowed
to evaporate in a suitable open area that would
not present a hazard.

In the event that liquid oxygen is spilled on
clothing, the clothing should be separated from
skin contact immediately and thoroughly aired
to allow dilution of the oxygen concentration.
When an uninsulated container of LOX is tduched
or when there is any reason to suspect some
part of the body has been frozen or chilled, the
area should be thoroughly washed or immersed
in clean water which is slightly above body tem-
perature (approximately 104°F to 113°F). The
exposed area should then be loosely wrapped
with clean, dry dressing and medical aid sought
immediately.

When servicing and maintaining LOX sys-
tems, the AME will be required to transfer LOX

from storage tanks to servicing trailers, serv-
icing trailers to aircraft converters, and occa-
sionally from the converter to a drain pan. He
will also be required to remove and install
converters and other components of LOX sys-
tems. All servicing and maintenance of LGX
systems must be done in accordance with the
instructions contained in the applicable aircraft
Maintenance Instructions Manual. All safety
precautions concerning the handling of OX
must be adhered to.

When a completely empty system is being
serviced, the liquid oxygen should be added
slowly to cool .'ie system equipment down to the
storage temperature (-297° F). The equipment
could otherwise be damaged by thermal shock
or excessive rapid pressure buildup.

Additional gaseous and liquid oxygen safety
precautions and handling procedures are pro-
vided in the following publications:

OpNav Instruction 4790.2 (Series).
NavMat P-5100, Safety Precautions for Shore

Activities.
NavAir 03-50-1, Oxygen Equipment, Tech-

nical Manual.
All personnel handling oxygen and maintain-

ing gaseous or liquid oxygen systems should be
thoroughly familiar with all the precautions and
procedures listed In the latest revisions to these
manuals as well as the specific precautions
provided in the applicable aircraft Maintenance
Instructions Manual and those pertaining to the
type of equipment being utilized to service such
systems.
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LIQUID OXYGEN SYSTEM COMPONENTS

Aircraft liquid oxygen systems are similar
to gaseous oxygen systems except that the sev-
eral cylinders of gaseous oxyvn are replaced
by one or more liquid oxygen containers known
as converters. The use of more than one con-
verter provides for an adequate supply of oxygen
on long range flights or where there is more
than one crewmember using the oxygen system.
In addition to the converter(s), most LOX
systems contain a heat exchanger, shutoff valves,
and quantity indicating units. Figure 8-1 shows
both the Installation and schematic diagram of a
liquid oxygen system.

AIRCRAFT CONVERTERS

The aircraft liquid oxygen converter is a
portable double-walled, vacuum insulated vessel
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Figure 8-1.Liquid oxygen system.

used for the storage of liquid oxygen prior to
the liquid-to-gas conversion. The components
necessary for conversion and control of the
liquid oxygen are included as part of the con-
verter. The converter is insulated by means of

high vacuum between the double walls. Most
LOX converters are similar to the one shown
in figure 8-2.

Converters are made in various sizes, the
size being determined by the capacity of the
converter in liters. NOTE: 1 liter equals 1.0567
quarts. The most common sizes are the 5- and
10-liter capacity. The size used depends on the
number of crewmen, mission duration capability,
and oxygen regulation equipment used.

The liquid oxygen converter is usually lo-
cated in a space which is separated from the
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ciew's compartment. To facilitate servicing,
:ie oxygen compartment is usually found in an
area which is easily accessible from the ground.
Most aircraft are designed so that the converter
may be easily removed for filling at a remotely
located filling station.

All the components necessary for the storage,
conversion, and control of liquid oxygen are
assembled as a unit. The unit is commonly re-
ferred to as the converter. Included in the as-
sPrnbly are the container and the following
components: filler valve (usually a combination
fill, vent, and buildup valve), pressure control
valve, check valve, relief valve, and two quick
disconnect couplings. Two electrical receptacles
for the quantity indicating system and a carrying
handle are provided on the container.
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Figure 8-2.--Liquid oxygen converter.

The container consists of an inner and outer
shell ofstainless steel, separated by a vacuum.
A blowout disc in the outer shell of the container
minimizes danger to personnel if excessive
pressure builds up as a result of liquid oxygen
leakage. Liquid oxygen leaking from the inner
shell into the vacuum area expands at a ratio of
1 to 862. The excessive pre-s-sure on the outer
shell will burst the blowout disc.

Filler Valves

The filler valve used in most liquid oxygen
systems is a combination filler, vent, and build-
up valve. A typical unit is shown M figure 8-3.
The filler portion of the valve is essentially a
spring-loaded check valve, designed along with
the servicing equipment to form a liquid-tight
seal during the filling operation, and for ',ling a

AM.133

gas-tight seal when the servicing hose is re-
moved. A removable cap keeps out dirt and dust.

When the container is being filled, the filler
valve is depressed, and the liquid oxygen is
routed through the fill port to the container.
When the container is full, the liquid oxygen is
routed back through the gas port and out the
overboard vent port. When the filler valve is
in the normal position (cap installed), the fill
port and the overboard vent port will be closed.
This will allow the gaseous oxygen boiloff (from
the top of the container) to be routed through
the gas port and to the oxygen system (vent and
buildup condition). The valve is spring loaded
to the vent-and-buildup condition. Teflon 0-
rings and seals are used to prevent leakage of
the oxygen.

On some older aircraft, the filler valve is
not the combination filler, vent, and buildup type.

4 On such installations, two separate valves, a
filler valve and a buildup/vent valve are
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Figure 8-3.Fill, vent, and buildup valve.

incorporated. The buildup/vent valve is a man-
ually-operated, two-position valve. The valve
may be placed in either the BUILDUP or VENT
position by moving the valve handle through an
arc of approximately 100 degrees. In fillingthis
type of system, the valve mIL: be placed in the
VENT position. After filling, the valve must
be returned to the BUILDUP position. When this
type installation is used, the handle which places
the converter in the fill (VENT) condition is de-
signed and installed in such a manner that it is
impossible to close the servicing access door
before the handle is returned to the BUILDUP
position.

Pressure Control Valves

The pressure control valve used in most
converters is a combination pressure control
valve which consists of two valves internally
connected in a single housing. These two valves,
the pressure opening and pressure closing, are
both controhetl by spring-loaded bellows which
are vented to the atmosphere. The pressure
closing valve is spring loaded to the open posi-
tion, and the pressure opening valve is spring
loaded to the closed position.

The pressure closing valve maintains oper-
ating pressure within the converter by closing
at a predetermined pressure level to terminate
the buildup sequence of the converter operation.
When there is no demand for oxygen, normal
heat exchange causes a gradual rise of pressure
in the converter until, at a pressure slightly
higher than the operatingpressure, the pressure
opening valve opens and allows gaseous oxygen
to be admitted into the supply line. If, on the
other hand, demand is made before buildup is
completed, liquid oxygen is drawn throughadlf-
ferential check valve and is transformed into
gaseous oxygen during passage through the sup-
ply lines. (Refer to view A of figure 8-7 in the
section entitled "Fill Sequence" later in the
chapter.) The differential check valve opens
when a pressure differential of 5 psi develops
between the converter and the supply line. Oper-
ation of the pressure opening and pressure
closing valve is amplified later in this chapter.

Relief 'Valves

A relief valve in the converter provides for
relief of excess system pressure. The valve is
set to relieve at a given pressure and to reseat
at a given pressure. The relief valve in most
LOX systems is set to open at 110 psi.

The valve is spring loaded to the closed
position. The relief valve provides for pressure
relief of the container when removed from the
oxygen system and protects the entire oxygen
system when installed and connected in the
a irc raft.

Because of heat entering the system, ap-
proximately 1 liter of liquid oxygen will be lost
overboard through this valve during a 24-hour
period when the system is not in use.

Quick-Disconnect Couplings

Quick-disconnect couplings are provided for
the rapid and positive coupling of the oxygen
lines, The fixed (male) half of the coupling is
mounted on the container (fig. 8-2) and the
disconnect (female) half is attached to the flexi-
ble oxygen sypply and vent lines.

The coupling for the supply line contains a
spring-loaded check valve in each half. These
check valves close automatically when the
coupling halves are disengaged. The vent cou-
pling has no check valves; however, it forms
a positive seal for the vent line so tna t. exces-
sive system pressures will be vented overboard.
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HEAT EXCHANGERS

The purpose of the heat exchanger is to raise
the temperature of the evaporated liquid oxygen
in order to insure that the piaot will suffer no Ill
effects from consuming oxygen at extremely low
te mperatures.

The heat exchangers of the liquid oxygen
system illustrated in figure 8-1 consist of two
identical aluminum alloy honeycomb structures
interconnected and mounted in the cockpit area.
They are flat and rectangular in appearance and
made of two sheets of metal embossed and sand-
wiched together in such a manner as to provide
a series of minute interior passages.

When gaseous oxygen flows into the cockpit
through the supply line from the converter it is
piped directly into the top of the first (rear) heat
exchanger and out the bottom and into the bottum
of the second (front) heat exchanger. The warmed
oxygen then passes out of the top of the second
heat exchanger and into a plenum.

The plenum is a spherical chamber which
acts as a damper to prevent momentary pres-
sure drops due to both occupants demanding oxy-
gen at the same time. Without the plenum the low
level (pressure) oxygen warning system would 'oe
intermittently activate& whenever a dual demand
was placed on the system.

The warmed gaseous oxygen flows from the
plenum to the shutoff valves and to the flight
crew's or the seat mounted regulators.

COCKPIT (OR CABIN) EQUIPMENT

Cockpit equipment includes a quantity indi-
cating system, shutoff valves, and regulators. In
some liquid oxygen systems the shutoff valve
may be part of the regulator. On aircraft equipped
with ejection seats, a composite quick-
disconnect is also provided.

Quantity Indicating Systems

Liquid oxygen quantity indicating systems
generally consist of a quantity gage and a warn-
ing light. The quantity is indicated in liters in-
stead of pounds per square inch pressure, be-.
cause the pressure in a liquid oxygen system
remains constant until the liquid oxygen is
depl eted.

On some installations there is one warning
light for each user, on others there may be two.
In the latter case, one light is to warn the user
in case system delivery pressure drops below

normal, the other light warns of a low supply of
liquid oxygen. The maintenance of the quantity
indicating and warning light systems is the re-
sponsibility of the AE rat:ng.

Shutoff Valves

Shutoff valves are installed in the oxygen
system to facilitate opening and closing of the
flow of oxygen to the crewmen. Figure 8-4
illustrates a typical manually operated, two-.
position valve. As shown in figure 8-1, this valve
opens and closes flow from the plenum to the seat
mounted personnel services disconnect. The
valve has an Inlet port, outlet port, and a relief
port. The pressure relief valve is located in the
inlet chamber to protect against excessive sys-
tem pressures. Any excessive pressure is vented
off through this relief valve, regardless of the
position of the valve.

When the lever handle is lifted against the
pressure of the lever handle spring, the lever is
disengaged from its notch in the retainer cap
and can be moved io the ON position. As the
linkage moves th,ough the guide slot in the
retainer cap, the linkage mechanism lifts the
teflon disc type poppet from its seat, permitting
pressure flow through the outlet port. The lever
handle locks in either the ON or OFF position
when the spring-loaded lever drops into the
respective position slot. A definite liftingaction
on the control lever is required to unlock it and
move it from one position to another.

Liquid oxygen systems which incorporate
console-rr ounted regulators do not have separate
shutoff valves. The shutoff valve is part of each
regulator.

Composite Quick-Disconnect Couplings

The purpose of the composite quick-discon-
nect coupling is to provide a single-point
connection for at,tomatically and quickly con-
lecting and disconnecting the pilot with the air-
craft services; that is, to oxygen, anti-g, com-
munications, and pressurization/ventilation air.
A typical installation is described and Illustrated
in chapter 6 with additional coverage provided
in chapter 7,

Regulators

Regulators used with liquid oxygen systems
may be the console-mounted type, seat-mounted
type, or the miniature mask-mounted type. The
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Figure 8-4.Oxygen shutoff valve.

console-mounted type regulator is normally used
in large multiplace aircraft such as the E-1B
and the E-2A. The A-6 aircraft provides an
example of a seat-mounted diluter demand oxy-
gen regulator. The smaller seat-mounted regu-
lator and the miniature mask-mounted regu-
lators are especially designed for use with
aircraft which have ejection seats. Since the
console-mounted type regulators are discussed
in chapter 7 only the seat-mounted a 1 the
miniature mask-mounted type are described
here.

SEAT-MOUNTED REGULATOR.The Model
29252- A-1 seat-mounted, diluter demand type
regulator illustrat::d in figure 8-5 works in much
the same manner as the console-mounted regu-
lator discussed in chapter 7. That is, it controls
the flow and pressure of warmed gaseous oxygen
according to the demands of the user. It also
controls the mixture of oxygen with cabin am-.
bient air in proportions varying with the cabin
altitude that is sensed by the regulator air ratio
aneroid. The regulator is equipped with a manual
control knob on the diluter portion to allow the
user to select 100 percent oxygen whenever de-
sired. All oxygen going to the regulator passes
through the seat personnel services disconnect.
Oxygen going from the regulator to the face mask
again passes through the personnel services dis-
connect. Upon ejection, the emergency oxygen
supply is delivered to the regulator through the
disconect and regulated in the same manner as
the aircraft's oxygen supply.

In the static, or no flow condition, the follow-
ing conditions exist (fig. 8-5):

Oxygen pressure at approximately 75 psi
enters the regulator, passes through the inlet
filter and flows past the demand valve to the
inlet pressure chamber (4), where it acts against
piston (19). The piston moves downward agenst
pressure of the check valve (3) spring, leaving
the check valve free to open and permit the
intake of ambient ail- through the air dilution
port (21).

Incoming oxygen also flows past the needle
valve (7), building up pressure in the demand
valve lower chamber equal to that of inlet pres-
sure exerted on the opposite side.

When the oxygen user inhales, causing a dy-
namic or flow condition, a pressure differential
is created across the breathing diaphragm (8).
The diaphragm moves upward, actuating the link-
age to open the small pilot valve (6). Pressure
in the demand valve lower chamber is bled
through the pilot valve, causing the demand valve
diaphragm to flex and open the demand valve.
Oxygen then flows past the demand valve and
through nozzle (13) where it is mixed with
ambient air and delivered to the oxygen face
mask.

The velocity of the oxygen as it exits the
nozzle causes a pressure reduction that draws
ambient air from the cabin into the regulator
when the dilution knob is open. The knob pro-
vides a manual means of selecting either air
dilution or 100 per cent oxygen. The air ratio
aneroid, attached to the dilution air throttling
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Figure 8-5.Seat mounted-diluter demand regulator (model 20252-A-I).
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Nomenclature for figure 8-5.

1. Air ratio aneroid. 12. Demand valve diaphragm.
2. Throttling plate. 13. Nozzle.
3. Check valve. 14. Inlet fitting.
4. Inlet pressure chamber. 15. Inlet filter.
5. Demand valve. 16. Relief valve.
6. Pilot valve. 17. Dump valve.
7. Needle valve. 18. Outlet fitting.
8. Breathing diaphragm, 19. Piston.
9. Pressure breathing aneroid. 20. Air dilution chanther.

10. Orifice plate. 21. Air dilution port.
11. Demand valve lower chamber. 22. Dilution knob.

plate, expands and contracts metering the flow
of air to give the correct percentage of dilution
as the altitude changes. In a depressurized cabin,
the air ratio aneroid will automatically close
off all dilution air at approximately 30,000 feet
altitude and 100 per cent oxygen will be provided
up to approximately 50,000 feet, which is the
service ceiling of the regulator.

The regulator delivers automatic safety
pressure, not in excess of 2 inches of water
pressure, from sea level up to 35,000 feet. It

delivers automatic pressure breathing froM
35,000 to 50,000 feet, not to exceed 18 inches of

water pressure.
The check valve (3) prevents the loss of

safety pressure oxygen through the air dilution
ports and also provides automatic air shutoff
at higher altitudes when the regulator is on
dilution.

If the oxygen inlet prensure dropn below 40
psi, the piston in the inlet pressure chamber
backs off, allowing the fipring-loaded retairwr
to close the check valve, aoning off dilution
air. Without this automatic nhutoff feature,
anoxia could occur if virtually all of the breath-
ing gas were ambient air.

The dump valve (17) in provided an an aid in
exhalation. Duo to a renponse lag in the rep,u-
lator, the demand valve doen not close off at the
exact moment of exhalation. This lag, could
result in a pressure buildup in the flank, breath-
ing hone, and the regulator. The dump valve
relieven this prennure at the end of each flow
cycle (inhalation/exhalation).

The relief valve (16) protect u the Oxygeh
user from exeennive prennure, Whenever the
regulator outlet prennure reachen 24 incli of
water, the valve openn. An the pret4H111'1.
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relieved and drops to 16 inches of water, the
relief valve rcseats and again becomes leak-
t ight.

This regulator is designed to be -(.1 with
the A13-A oxygen mask.

MINIATURE OXYGEN BREATHING REGU-
LATOR.The miniature oxygen breathing regu-
lator shown in the cutaway view in figure 8-6
is intended primarily for use in aircraft having
a low-pressure liquid oxygen nysteni and ejec-
tion seats. It is often referred to as a miniature
mask-mounted regulator. The regulator inte-
grates with the A13-A oxygen breathing mask.
It if3 designed so that with an inlet pressure of
40 to 90 psig it will deliver 100 per cent oxygen
automatically to the user between the altitudes
of 0 and 50,000 feet, The regulator incorporaten
automatic safety prensure buildup to a maximum
of 2 Inchon of .ter prensure below 35,000 feet
and automatic prennure breathing for altituden
about 35,000 feet, depending on the rer,,ulator
adjuntment (internal toleraneen). Weighing only
2.3 (=Ceti and meanuring approximately 2 5/8
inches in length and width, the regulator in
mounted on the oxygen man% or the unerin
ha rnenn

Oxygen at the controlled nyntem prennure,
warmed to a comfortable temperature, flows
into the regulator inlet port to the demand valve
diaphragm, A nmall pannage from the inlet line
tiend8 thin prennure to the backnide of the
diaphrag,m; thun, the demand valve diaphragm
tt prennure balanced except for the nlight im-
balance caused by an ara advantage (ni the
backside of the diaphragm, which providen a
i)onitive sealing force.

The vaomin caused by Inhalation e;oinen the
Henning diaphragm to tilt downward, Lambing
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RELIEF VALVE
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PRESSURE PICKUP
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LOCKNuT
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ANEROID CHAMBER

ANEROID ADJUSTING SCREW

Figure 11-6.Cutaway view Model 226-20004 miniature mask o;.ygen regulator.

down du, demand actuating paddle. AH lhe paddle
18 Pireed dMAMIN:11'd, Il:3 baSe IH lift 1(1 from a seat
which seals a second passageway from the back-
side of the demand valvc diaphragm. ItainIng the
paddle bane allow.; flow from thin arca which
eall8efi a pretitall'e dl'Up behind the del11311d valve
diaphragm a,,d allows inlet pressure to lift the
diaphragm from ItH Hf'at and oxygen flow oecurn.

Safety pressure In obtained hy t:Lc safety
pressure spring, which deflects the sensing
diaphragm, causing flow through the unit until
the force created by mask prl.ssure equals
force of the spring. This returns the sewn:
diaphragm! to a balanced co:Onion.

Automatic pressure I,r':itIiti iH Obtained
by divf,rtinv. 'moll volume bleed front the
inlet passage to the aneroid hamber. Thit,
bleed In normally vented front the anorold
eavity past the area labeled "aneroid vent"
(fig. II-6), At the altitude at which pronnurc
breathing In to begin, the lip of tlic aurohl
rompti in contact with thc ncat, cloning off dic
aneroid vent and building lip pressure which

2YA

PP,56

reacts on the sensing diaphragm. The pressure
lifts the sensing diaphragm, causing flow until
tlw mask pressure exerts a force on the sensing
diaphragm equal to the force exerted by pres-
sure buildup in the aneroid chamber.

Tlw relief valve of: the unit acts au a pilot
device to open the exhalation valve of the mask.
This is accomplished by isolating the pressure
pickup of the exhalation valve with the tube in
the outlet port of the unit, no that the exhalation
valve 114 eompensated only by the pressure sent
to it by the exhalat km valve pickuptubr.

LIQUID OXYGEN SYSTEM OPERATION

'MC liquid oxygen system shown in noire
is an example of a two-place system. This

system converts .1quid oxygen to gaseous Oxy-
gen awf delivers it to the crew, The oxygen
source of this system is a supply of liquid oxy-
gen stored in a 10-liter converter. At atimlil-
pheric pressure, liquid oxygen boils at -297" E
and changes to gaseous oxygen in a volumetric
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ratio of 1/862 (liquid/gas). System pressure is
maintained at 55 to 110 psi by a pressure control
valve and a pressure relief valve. The converter
in this system is installed in an aft equipment
compartment, and provisions are included for
the installation of a second converter for long-
range missions.

Through a process of controlled evaporation
within the converter assembly, liquid oxygen is
converted to gaseous oxygen a6 required by the
occupants of the aircraft. The oxygen is de-
livered to the cockpit after being warmed to a
safe breathing temperature in the heat ex-
changer. The flow of oxygen is controlled in the
cockpit by the shutoff valves.

The major part of the operation of the liquid
oxygen system is controlled automatically by
the units which make up the converter assembly.
The liquid oxygen converter has three sequences
of operationfill, buildup, and supply. (see fig.
8-7.) In the supply sequence, the converter
alternates between the economy and demand
modes of operation.

FILL SEQUENCE

The fill sequence begins automatically when
the servicing trailer hose filler nozzle is con-
nected to the filler port on the fill, vent, and
buildup valve. The hose nozzle, when attached
to the fill valve, actuates a plunger within the
valve which places the valve in the fill and vent
condition. (See A, fig. 8-7.) The valve, when in
this position, provides an opening from the top
of the converter to the atmosphere. This opening
is utilized to vent gaseous oxygen during filling
and liquid oxygen after the converter is full.
During transfer, liquid oxygen flows into the
converter through a passage located In the
bottom of the converter. This arrangement al-
hems gaseous oxygen to vent through the con-
verter top as it IS being displaced by liquid flow
in the bottom. When the converter is full, liquid
flown overboard through the vent line, giving an
indication that the converter is full. Ifrmoval of
the filler 11051. nozzle from the fill valve auto-
matically places the convertor in the buildup
sequence.

BUILDUP NEQUENCK

Toe bulldup sequence (II, fig, 8-7) begins
whet, In filler homp is cell owl(' from till, con-
verter, /11*(11101We provides for rapid pres-
sure buildup io system operating pressure.

During this sequence, liquid oxygen from the
converter fills the buildup coil by gravity feed
Liquid in the coil absorbs heat from the ambient
air around the coil and vaporizes, causing the
pressure to build up. The gaseous oxygen
formed in the coil then circulates through the
pressure closing valve and back to the top of
the converter. This causes more liquid to flow
into the buildup coll. This circulation continues
to build up pressure until approximately 75 psi
is reached. At this pressure, the pressure
closing valve is forced closed, thus stopping
further pressure buildup. When this occurs, the
converter is ready for operation and oxygen
is available at the supply outlet. A pressure
relief valve which is set at approximately 110

psi is installed in the converter system to
relieve excessive pressure.
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SUPPLY SEQUENCE

The supply sequencr -)f the liquid oxygen
system consists of two inrides of operationthe
economy mode, in which gaseous oxygen is fed
from the converter, and the demand mode, in
which oxygen flows from the converter as a
liquid and vaporizes to a gas in the feed line.

In the economy mode of operation (C, fig.
8-7) limited demand upon the system allows qie
converter to supply gaseous oxygen directly as
a result of drawing off the gaseous oxygen
stored within the top of the converter. At ap-
proximately 82 psi, the pressure opening valve
unseats and allows gaseous oxygen to flow from
the converter to the supply system. Oxygen then
flows from the upper (gas) portion of the con-
verter, rather than the liquid side. When the
amount of oxygen demanded by the crow exceeds
the supply capabilities of the economy mode,
the pressure opening valve closes. As the crew
continues to draw upon the oxygen supply, the
supply system pressure becomes lower than that
(if the converter. When a pressure differential
(if 5 psi occurs, the differential check valve
opens (I), fig. 8-7) and allows liquid oxygen to
flow into the supply line thus creating the de-
mand mode. Converter pressure will build up
while the system Is operating in the demand
mode. As this pressure again approaches 82
psi, the pressure opening valve will again un-
seat, !iv/Itching the supply sequence back into
the economy mode. The converter automatically
switches itself Inck and forth between tho econ-
omy and demand moder, wane supplying oxygen
to the crew.
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LIQUID OXYGEN SYSTEM
MAINTENANCE

The AME is responsible for the maintenance
of aircraft liquid oxygen systems. Maintenance
Includes performing periodic inspections, purg-
ing, repairing leaks, and removing and replacing
components, lines, and fittings, as necessary.
Regulators and converters are removed and re-
placed by the AME, but are tested, checked,
and repaired by the personnel of the PR rating.
Electrically operated quantity indicatingsystem
components are maintained by the personnel of
the AE rating.

DRAINING CONVERTERS

Many of the maintenance tasks performed on
aircraft liquid oxygen systems requires that the
converter be drained. The following is a general
procedure for draining a converter:

1. Remove the converter in accordance with
the instructions contained in the applicable
Maintenance Instructions Manual.

WARNING: Because of the hazards involved
in handling liquid oxygen, only qualified person-
nel should drain liquid oxygen systems. Person-
nel handling liquid oxygen must always wear the
special protentive gloves, face shield, and cloth-
ing provided for this purpose.

2. Place the converter in a safe place for
the draining operation.

CAUTION: When draining a liquid oxygen
converter, insure that the area is open and free
of unnecessary personnel and that fire extin-
guishing equipment is readily available. The
immediate area around the converter and drain-
ing area must be free of any grease, oil, or
other combustible materials.

3. Attach a drain line to the supply discon-
nect coupling of the converter, as shown in
figure 8-8. The drain line is used to deflect the
liquid oxygen into the drain container. The drain
line may be constructed from a length of rigid
tubing and connected to a spare female half of a
supply disconnect coupling. In some cases it is
possible to remove the flexible supply line from
the aircraft liquid oxygen system for use as a
drain line.

CAUTION: Only tubing which is approved
for use in liquid oxygen systems should be used
for the construction of a converter drain line.
After the drain line has been constructed, all
traces of grease or oil must be removed from
the line.
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Figure 8-8.Draining liquid oxygen converter.

NOTE: When the drain line disconnect cou-
pling is connected to the converter supply port,
it opens the check valve in the supply disconnect
coupling. This allows the LOX to flow out of the
drain line. Therefore, insure that the drain line
is over a drain container of suitable size prior
to making the connection.

4. With the drain line connected to the con-
verter supply disconnect, allow the converter
to stand until completely drained.

5. When liquid oxygen no longer flows from
the drain line, remove the drain line from the
supply disconnect coupling.

NOTE: Liquid oxygen drained from an air-
craft liquid oxygen converter should be allowed
to evaporate. No attempt should ever be made
to return the drained liquid oxygen to an air-
craft system or servicing trailer.
PURGING

Purging is the procedure by which ont a m -
nant s are flushed from the converter with hot,
dry gaseous nitrogen or unheated dry ga3eous
oxygen if nitrogen is not available. The gaseous
nitrogen should be heated to a minimum of 1500F
and not more than 2500 F. One of the principal
contaminants is moisture, which may short the
converter quantity indicating probes. The purg-
ing gas is heated so that any moisture in the
,)nverter will be removed.

2 7 0
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Liquid oxygen systems which are serviced
with the converter installed must be purged every
calendar (or equivalent) inspection. Systems
which are serviced by replacement (replacement
of the empty converter with a full one) should be
purged every 30 days. Liquid oxygen systems
which have been left empty for several hours or
left open due to replacement of parts must be
purged. Any evidence of contamination also re-
quires purging. NOTE: Many times, it will be
necessary to purge LOX converters to eliminate
a short in the quantity indicating probe.

The following is a general purging procedure.
1. Remove the converter and drain the

liquid oxygen.

ELECTRICAL
LEAD

NOTE: Liquid oxygen systems should be
purged in accordance with the instructicns con-
tained in the applicable Maintenance Instructions
Manual. SJrne manufacturers recommend purg-
ing the converter and the aircraft system sepa-
rately. Others recommend purging the system
with the converter installed.

2. If time permits, allow the system to warm
up to ambient temperature. This will conserve
large quantities of gas.

3. Connect a regulated source of dry, water-
pumped gaseous nitrogen to a purging device as
shown in figure 8-9. Connect the purging device
to the converter fill valve using a fill valve
nozzle adapter (supplied as part of the purging

HEATER

NITROGEN
SOURCE

Figure 8-9,PurgIng the converter.
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device). Connect the purging device to a suitable
electrical source. CAUTION: Unless the elec-
trical cable is properly grounded there is danger
of shock.

CAUTION: Use only approved, dry, water-
pumped nitrogen when purging oxygen systems.
Oil-pumped nitrogen should never be used. Like
other compressed gases nitrogen cylinders are
color coded. Water-pumped nitrogen cylinders
are gray with two black bands. Oil-pumped
nitrogen cylinders are gray with one black band.

4. Regulate the nitrogen supply pressure
from 10 to 5U psi, preferably 30 psi. This will
allow a sufficient amount of nitrogen to flow
through the converter. The purging device will
provide 2500 F (maximum) purging gas under
these conditions.

5. Pass the heated nitrogen through the
converter or system for at least 2 hours.

6. Disconnect the electrical supply from the
purging device and shut off the flow of nitrogen.

7. Disconnect the purging device and turn
off system shutoff valves (in the case of purging
the converter and system at the same time).

8. As soon as the purging procedure is
finished, fill the system with liquid oxygen.

9. Conduct a sniff test. (In this test, liquid
oxygen is drained from the converter into a
clean glass beaker in which has been placed a
piece of filter paper. The beaker is covered
and the liquid is allowed to evaporate. When
the liquid has evaporated, the cover is removed
and the person performing the test smells to
determine if any odor is present.)

10. Using an oxygen mask, smell the aircraft
oxygen supply to detect odors. U odors persist
after the purging operation, or if a short is still
indicated in the probe, repeat the purge.

REPAIRING LEAKS

Since oxygen leakage is very dangerous,
leaks in threaded connections should be com-
pletely eliminated. Also, leakage rate tends to
increase with time and vibration. If leaks can-
not be eliminated without excessive torquing,
the leaking connection should be disassembled
and the fittings replaced. Torque values for
flared tube fittings are shown in table 3-4 and
for pipe thread fittings in table 3-6.

Because of the explosive nature of an oxygen
grease mixture, only the compounds approved
by a military specification should be used on
oxygen fittings. The compounds are used to
prevent thread seizure and leaks, and should

be used carefully and sparingly,. Coat the male
threads only and immediately insert it into the
female fitting. Do not dip the fitting into the
thread compound. The compound must not be
used on flared-tube fitting straight threads.
Extreme care must also be taken to prevent
the compound from entering the fitting, and to
prevent contamination of the thread compound
with oil or grease.

Flared-tube fittings which are leaking may
be tightened to the torque values as shown in
table 3-4. If leakage persists, the fitting should
be disassembled and the fitting or lines re-
placed.

INSTALLATION Ai\ r ING
OF COMPONENTS

Extreme care must be exercised when in-
stalling units in an oxygen system. The life of
the pilot and crew depends on the thoroughness
with which the AME does his job,

All maintenance of liquid oxygen systems
must be done in accordance with the instruc-
tions contained in the applicable Maintenance
Instructions Manual, The AME assigned to do
liquid oxygen system maintenance should also
be familiar with the various instructions per-
taining to handling liquid oxygen and mainte-
narce of the related equipment.

The actual removal and installation proce-
dures used in maintaining liquid oxygen systems
will vary from one aircraft to another; how-
ever, the following precautions will apply to
almost any aircraft system.

1. Use only tubing assemblies which have
been tested, cleaned, capped, andproperly iden-
tified as oxygen lines. CAUTION: U lines are
fabricated locally, insure that only clean, oil-
free tubing and fittings are used. Also insure
that no hydraulic fluid is used in the fabrication
procedure.

2. Use only the type of fittings specified for
the particular oxygen system. Neveruse fittings
with pitted or otherwise diqigured cones or
imperfect threads.

3. It is MANDATORY that EXTREME CAM-
TION be exercised with regard to cleanliness uf
hands, clothing, and tools. It must b^ emphasized
that all items which con-3 into contact with the
oxygen system must be free of dirt, oil, or
grease.

4. Use the thread compound which is -

proved under specification MIL-T-55,t .C,
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5. When installing tubing assemblies b.e-
tween fixed units, the tube assembly should align
without the use of undue force.

6. The torque values specified for the par-
ticular oxygen system should be strictly ad-
hered to when tightening the fittings.

7. If a section of line is left open ot. dis-
connected during an installation, the open fit-
tings must be covered with suitable caps or
plugs. When making connections, be certain that
no lint, dust, chips, or other foreign material
is allowed to enter the oxygen system.

8. Upon completion of the installation of a
tube assembly or component, a pressure check
of the system should be conducted. The system
should be pressurized and the connections
checked with a leak-test solution conforming to
specification MIL-L-25567B. After the connec-
tions have been checked, the leak-test solution
should be washed off with clean water.

9. The aircraft liquid oxygen system should
be purged after the replacement of any com-
ponent or tubing assembly.

10. The type of clothing and footwear that
is worn when maintaining and servicing a liquid
oxygen system is an extremely important factor.
Do not wear anything that will produce sparks
or static electricity, such as nylon clothing or
shoes with steel taps or hobnails. Oxygen-
permeated cloihing will burn vigorouslya most
painful way to die.

11. When servicing a liquid oxygen system,
insure that only oxygen conforming to specifica-
tion MIL-0-27210D is used. Oxygen procured
under Federal Specification BB-0-925A is in-
tended for technical use and should NOT be used
in aircraft oxygen systems.

12. After the completion of rcpairs, always
perform an operational check o the sy4tern and
make the required tests to insure tha, 'lie oxygen
is sale for use by the pilot and crew.

Servicing of liquid oxygen systerns is record-
ed on the Support Action Form. Converters and
r:Tillators removed for check and test during the
calendar inspection of the aircraft are forwarded
to the Intermediate level maintenance activity,
utilizing a Work Request, OpNav 4790/36. This
form is utilized to request work or assistance
that is beyond the requesting activity's capability
and does not involve repair of aeronautical
material. If the component fails the check and
test, it is returned to the requesting activity and
subsequently turned in to supply for repair,
utilizing the multicopy Maintenance Ar'ion
Form. A description of the various maintenance

management forn)s along with their uses is
provided in OpNav Instruction 4790.2 (Series).

LIQUID OXYGEN SERVICING TRAILERS

The AME is responsible for the servicing of
aircraft liquid oxygen systems. He must be able
to operate the various types of liquid oxygen
servicing trailers. The AME is also responsible
for the preoperational/daily and calendar in-
spection of the servicing trailer as well as
m iscellaneous repa irs.

The purpose of the liquid oxygen servicing
trailer is to provide a portable means of filling
aircraft liquid oxygen converters. A general
description of one type servicing trailer is
given in this section.
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LIQUID OXYGEN SERVICING
TRAILER (TYPE NO 4)

The liquid oxygen servicing trailer shown in
figure 8-10 is the type NO 4, manufactured by
Ronan and Kunzl. It is typical of equipment cur-
rently '.1 use and therefore Ls the only traUer
discussed in this chapter. The other types of
liquid oxygen servicing trailers are similar in
operation, but differ in tank capacityand running
gear. The lower profile of soma types allows
them to pass under Iow wings of aircraft and
other obstructions encountered during shipboard
and line operations.

Description

The type NO 4 servicing trailer is a 50-
gallon unit. Basically, this unit consists of a
liquid oxygen tank, a transfer hose assembly,
and a trailer. The necessary controls are
mounted in a hooded area on the rear of the
tank. The hose Ls stowed in a rack mounted on
the side of the tank, as shown in figure 8-10.

Figure 8-11 Ls a schematic diagram of the
liquid oxygen tank and related equipment. As
shown in the diagram, the unit consists of two
tanks (inner and outer), separated by an annular
space which is packed with a powder type in-
sulating material. This annular space Ls evacu-
ated to a high degree (forminga vacuum).

The tank is equipped with all the conti
valves, gages, pressure relief valves, a.,d
blowout rupture discs necessary for simple and
safe operation. Practically all this related
equipment is located either inside the control
hood or on the outside of the control hood which
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t,

Figure 8-10.Type NO 4 liquid oxygen servicing trailer.

is attached to the rear of the tank. (See fig.
8-12.)

The vent line and fill-drain line connect the
inner tank to the external piping. Both lines
emerge in the control hood. The pressure build-
up coil, which is connected between the vent line
and the fill-drain line, operates as a heat ex-
changer to vaporize liquid oxygen and pressurize
the inner tank during the transfer of liquid
oxygen.

To prevent excessive pressurization of the
inner tank, the tank pressure relief valve and
a safety rupture disc are installed in the pres-
surizing coil line. The rupture disc, located Ina
weather hood at the front of the tank, Ls designed
to rupture and release the pressure between the
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inner and outer tanks in the event that the inner
,tank is damaged.

Three direct reading gages (fig. 8-12) are
provided on the control hooda pressure gage,
to indicate the pressure in the inner tank; a
differential pressure type capacity gage with a
bypass valve; and an electronic battery-operated
vacuum gage to indicate the vacuum in the an-
nular space between the inner.and outer tanks.
In addition, pull-to-test handles for the tank
pressure relief valve and the hose pressure
relief valve aee located on the hor.-1, as well
as a 1111-drain hose coupling.

The following components are located inside
the control hood: a tank pressure relief valve,
a vent valve, a fill-drain valve, a pressure
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Figure 8-11.Liquid oxygen servicing trailer (schematic).

buildup valve, a hose pressure relief valve, a
hose pressure safety rupture disc, and a transfer
hose purging uevice.

NOTE: The control valve handles are color
coded (as shown in fig. 8-12) for ready identifi-
cation.

The trailer is equipped with a length of 3/8-
inch inside diameter flexible hose. The hose is
insulated and has a covering of braided stainless
steel. One end of the hose is att4ched to the
fill-drain coupling of the servicing trailer. The
other end of the hose is equipped with a filler
valve assembly. The filler valve has a dust cover
which must be in place at all times when the
hose is not in use.

The tank and related equipment are mounted
on a four-wheel knuckle-steering utility trailer
of all steel construction. The trailer is equipped
with a mechanical handbrake assembly, hoisting
links, and a tow bar.
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The liquid oxygen servicing trailer is used
to store a supply of liquid oxygen and to fill
aircraft converters. The valves mounted under
the hood on the rear of the tank control the
various functions of the trailer. Table 8-1 lists
the position of the valves for each function of
the trailer.

The filling, pressure buildup, transfer, and
storage functions of the NO 4 liquid oxygen
servicing trailer are described in the following
paragraphs.

FILUNG.Servicing trailers are usually
filled from large liquid oxygen storage tanks.
These tanks are quite similar in construction
and operation to the servicing trailer.

The first step in filling the trailer is to set
the trailer control valves in the positions as
indicated in table 8-1. After the control valves
are set, check the trailer pressur relief valves

) r-
ir I t)
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HOSE PURGE
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HO,IE FRESSURE
RELIEF VALVE 6
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VALVE (WHITE)

FILL-DRAIN VALVE C
(BLUE)

TRANSFER MOSE

Figure 8-12.Liquid oxygen servicing trailer control panel.

(tank pressure and hose pressure) for freedom
of operation. This is done by pulling the handles
several times.

Purge the storage tank hose by allowing a
little liquid oxygen to flow out of the hose.
CAUTION: Always drain liquid oxygen into a
clean drain pan or can. After die storage tank
hose has been purged, att.,: ne hose to the
servicing trailer fill-drain coupling. Open the
fill-drain valve on the trailer, then open the
fill-drain valve on the storage tank. The fill-
drain valve on the storage tank should be
opened only enough to permit partial flow until
the transfer hose and servic1ng trailer have
been cooled down. This requires about a minute
and is indicated by a slowing down of the gas
escaping from the vent line on the servicing
trailer.

Fully open th . storage tank fill-drain valve
and leave it open until the trailer is full. NOTE:
When the liquid spurts from the trailer vent line,
the tank is full.
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Close the fill-drain valve on the storage tank,
then close the fill-drain valve on the trailer.
Next, relieve the pressure in the transfer hose
by pulling the hose pressure relief valve. Dis-
connect the transfer hose.

CAUTION: Personnel filling liquid oxygen
servicing trailers must wear the special pro-
tective gloves, face shield, and clothing pro-
vided for this purpose.

WARNING: Some liquid may remain in the
transfer hose even after the relief valve has
been pulled. Use caution at all times when dis-
connecting the transfer hose. Keep it pointed
away from personnel.

After an interval of 10 minutes (to let the
liquid quiet down), the trailer should be checked
(using the capacity gage) to see if the tank is
full. The capacity gage bypass valve is closed
to allow the capacity gage to operate. NOTE:
The capacity gage bypass valve must be re-
opened as soon as the gage reading is taken.
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PRESSURE BUILDUP.In order to transfer
liquid oxygen from the servicing trailer to an
aircraft converter, the trailer tank is pres-
surized. This is called tt,e pressure buildup
condition. The servicing trailk r is put in the
buildup condition by placing the control valves
in the oositions shown in table 8-1.

The pressure relief valves (hose pressufe
and tank pressure) should be checked for freedom
of operation prior to setting the buildup condition.

The pressure buildup valve (valve D which is
white) should be opened slowly while observing
the tank pressure gage. As will be noted on the
trailer schematic shown in figure 8-12, opening
the pressure hoildup valve will allow the liquid
oxygen to flow into the buildup coil. This causes
the liquid to evaporate, pressurizing the st:ace
above the

The pressure should not be allowed to ex-
ceed 50 p;;i. Most converters may be filled with
a trailer pressure of 30 psi. NOTE: When using
equipment other than the Ronan and Kunzl.
type NO 4, refer to the applicable manual for
the operating pressure.

The pressure buildup valve should be closed
when the desired pressure is reached. In order
to maintain tank pressure, it may be necessary
to open the pressure buildup valve as transfers
are made. Transfer pressure must be main-
tained in order to completely erupt: .oe trailer
tank. If transfer pressure is lost when the liquid
in the tai.'r has been reduced to appro;:imately

Valve
identification

Letter Color

A I Yellow Vacuum

10 wallons, it may be necessary to refill the tank
before pressure builduP can be reestablished.

After completing the necessary transfers and
provided no further transfers are to be made in
the next 4 hours, the vent valve (valve E which
is red) should be opened to release the tank
pressure. All valves should then be set for the
storage :..ondition as indicated in table 8-1. A
closcd vent valve on a tank in the storage condi-
tion would raise the tank pressure to the point
where the tani. pre..3ure relief valve would open.
If the tank pressurc relief valve failed, the vent
line safety disc would rupture and relieve the
pressure.

NOTE: Servicing of aircraft liquid oxygen
systems is covered in chapter 10.

STORAGE.After the filling, buildup, or
transfer functions are completed, the liquid
oxygen trailer should be returned to the storage
condition. In this condition, the trailer controls
should be set as indicated by table 8-1. This
places the tank in the vented condition. If the
tank is completely empty and is not to be re-
filled immediately, the vent valve (valve E which
is painted red) should be closed.

CAUTION: When setting the tank in the var-
ious conditions, do not disturb the vacuum valve
(valve A which is painted yellow). Thus valve is
used only wnen pumping down the vacuum space.

VACUUM GAGE OPERATION.An elec-
tronic battery-operated vacuum gage is used to
indicate the vacuum in the liquid oxygen trailer

Table 8-I.Valve positions for type NO 4 trailer functions.

Bottom
Valve name filling

. Closed
B I Black Capacity gage Open
C I Blue Open
D White Pressure Buildup Closed
E Red I Vent Open
P Silver Top fill Closed

Functions

Top
filling

r--
Pr,,ssure
buildup Transfer

Vacuum
pumping

Liquid
storage

I Closed Closed Closed Open Closed
Open Open Open Open Open
Closed Closed Open Closed Closed
Closed Open *Closed Closed Closed
Open Closed Closed Open **Open
Open Closed Closed

_L
Closed Closed

* If pressure 'ails below desired transfer pressure, ** Should be closed when tank is
open valve 'D" until desired pressure is obtained, empty and not used.

'2 7

263



AVIATION STRUCTURAL MECHANIC E 3 2

tank annular spac,. The vacuum in this space is
measured in m lc rons on the ga ge (1.000 m ic rons
equals lmm Hg pressure and 760 mm Hg equals
barometric pressure at sea level). Batteries
are used to operate the gage. The batteries are
located in a plug-in battery pack behind the gage.

NOTE: If the trailer is used in hunnd or
below freezing temperatures, the batteries
should be renit,;ed from the gage when not in
use. The battery pack may be carried by the
operator and plugged into the gage for operation.

The vacuum is measured as follows: With the
batteries connected, turn on the vacuum gage
switch. (See fig. 8-12.) Then depress and hold
down the vacuum gage button and observe the
needle ming across the dial. Use the vacuum
gage adjusting knob to balance the needle at
zero. Then release the vacuum gage button, and
read the microns of pressure (vacuum) :n the
insulated space. Turn off the vacuum gage
switch after each use. This adds to the service
life of the equipment and the battery.

Maintenance

The AME is responsible for a preopera-
tional check of the liquid oxygen servicing
trailer and must make the following checks
before using the trailer.

1. Perform sniff test for quality oxygen
prior to servicing an aircraft.

2. Handbrake for effective operation.
3. Tires for pi oper inflation.
4. Thermocouple vacuum gage for an ind'-

cation of 250 microns or less aith battery and
cord assemuly preperly connected.

NOTE: If indication exceeds 250 microns a
vacuum pumping of the insulate,: space is re-
quired and should be a^complished by ae sup .
porting activity.

5. Capacity g...ge for adeq,ate oxygen supply
indication.

6. Open pressure buildup valve slowly, check
pressure gage for adequate tank pressure indi-
cation.

NO;E: Transfer pressure should not exceed
50 psi; transfers require CO to 50 psi.

7. Valves and connecting lines for evidence
of leakage under pressure.

NOTE: Leakage can usually be detected by
a gradual loss of pressure when no liquid Ls
being withdrawn or by a wet spot on a frosted
area at the point of leakage.

8. Check pressure relief valves for proper
operation by pulling handles several times.

irl
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9. Towbar and safety chaMs for breaks and
secuie attachment.

10. Transfer hose:
a. Coupling nut to tank for tightness.
b. Sevvice fitting for cleanliness and dis-

tortion.
c. Female filler valve for evidence of

lei.kage under pressure (open fill-drain valve).
d. Female filler valve for proper oper-

ation witi, valve fitted firmly against purging
device allowing a free flow of liquid oxyl. n.

e. Filicr valve dust cap for secure at-
tachment.

f. Hose trough for cleanliness.
WARNING: After inspection, close the pres-

sure buildup and fill drain valves; relieve
pressure with idler valve fittci finally against
purging device.

NOTE: Thermocouple vacuum gage terminal
switch should be ir the OF3 position when
trailer is not in use.

Calendar maintenance of liquid oxygen serv-
icing traikrs is performed by the AME assigned
to the Intermediate level of maintenance. The
inspection 's conducted in accordance with the
applicable Mainterr nce Requirements Cards and
includes the following elements:

Chas:-is and tank inedection.
Oxygen delivery system inspection.
Cleaning or replacement of !ler and trans-

fer ht,se filte;s:
T.-tnk purging and vacuum pumping of the

annular space.
Chassis and wheel bearing lubrication.
Functional checkout.
NOTE: All maintenance on the liquid oxygen

servicing trailers should be accomplished in
accordance with the applicable Maintenance
Instructions Manuals, Operation, Service, and
Repair Instructions, and other pertinent direc-
tives.

Logbook

Personnel in Organizational and Intermediate
maintenance activities that operate LOX equip-
ment and service aircraft should maintain a log-
book to keep a record of the fillings of the serv-
icing trailer, which aircraft are serviced with
each batch of LOX received, a record of switch-
ing of converters from one aircraft to another,
and any other pertinent data that could prevent
downing of all aircraft in an activity if a con-
taminated trailer is accidentally utilized. With
a record of all LOX transactions, all aircraft
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wiuld not have to be held down bending a sam-
pling and analysis of LOX for suitability for use.
Such instances have occurred and resulted in
unnecessary testing of aircraft systems that
wcre in fact not serviced with the eontanin.ated
trailer.
Contamination Control

Liquid oxygen must be kept .ree of c(ntami-
nation; otherwise, serious cimsequeni es may
result. Aviators breathing on gen with transient
odors (contamination) can experience real ad-
verse physical symptoms and disorientation. A
contaminated supply may cause noxious and
nauseating odors which may adversely aifect the
pilot's efficiency or cause malfunction of the
liquid oxygen system components.

Odors may accumulate in LOX that are not
identifiable or detectable by customary analyti-
cal methods. However, these odors may be de-
tected by an individual with a reasonably keen
sense of smell. Thus, the simple sniff/odor test
is an extremely reliable indicator of contamina-
tion. It is possible that oxygen samples which
have been determined as usable by analytical
tests may still produce odors that are unaccep-
table to the user. Substinces causing odors may
concentrate to unsatisfactory levels by evapora-
tion of LOX from the system over a prolonged
period of time. For this reason some aircraft
LOX systems must be purged each calendar in-
spection period.

Contaminatior of oxygen is indicated by the
presence of any foreign substance in excess of
specification requirements or established use
limits and/or the presence of am; substances
which release an undesirable odor or give '.:ause
to suspect the suitability of the oxygen fo-
breathing.

The LOX Surveillance Program, ex)Iiined
in depth in OPNAV Instruction 4790.2 (Series)
has the primary objective of insuring that ilach
operation involving LOX frozr 7: ,icuremtiit or
generation to servicing of the ...i craft is carried
out in strict compliance with .caWishedpri,ce-
dures.

All personnel working wit.) liquid oxygen
servicing equipment and aircraft systems should
take every possible precaution to maintain the
quality of the liquid oxygen supply and prevent
contaminants from being introduced into the sup-
ply during the storage and transfer operations.

To prevent liquid oxygen contamination:
1. Never store liquid oxygen in or around

areas in which odors of any type may be absorbed
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by the liquid oxygen. It should be remembered
that liquid oxygen has a high affinity for many
gaseous compounds. An example of a poor stor-
age practice is parking the liquid oxygen trailers
in the area behind the flight line where jet air-
craft are parked.

2. Extreme care should be I. ken to insure
that dirty or oily equipment is never used with
liquid oxygen equipmEnt.

3. Keep the l Id oxygen transfer hose filler
valve du_ . cover ;.!, place at all times except
when actually in use..

NOTE: This dust cov.r is usually attached
to the hose with a criain. This insures that the
cover will be readily at all timeEl.

4. At the beginning of f-.ervicing opera-
tion the transfer hose shou. 7tirged until
liquid flows before connecting aircraft
W:er valve.

Liquid oxygen storage '7?-1 'Acing

tini rs, or aircraft system.; s!. t.! .- be
go dry and be expo- eLl t71 Lte..

phere. n the liquid oxy...",:i

emptie,.! any reason, it ,),.! Li closeci
the atricip: .e in crder to ;.7.,7,..,ient the irtro-
ductioi-: vapor or odor.

;,iquid oxygen sto2-age ser-
icing t.v nd aircraft systems whI, nlve
been alir:;ved io run dry must be purge:^, ;)
cordaice wi:h the existing directives.

DF.THCTIO'C.A sniff or odor test is per-
formed on each servicing trailer to verify the
quality of the oxygen prior to servicing. Ai:...cralt
converte:-s should be tested for odors as pre-
scribed in the applicable inspection require-
ments or as soon as possible after a report of
in-flight odors by pilot or crewmembers. On
r2ports of inflight odcrs in the oxygen supply, a
sample must also be taken and forwarded to the
appropriate laboratory with supporting details of
ite incident, including history of supply source
o!.. the LOX in accordance with the instrlctions
prt-rided th OpNav Instruction 4790.2 (Series),
Special identificaiion ta r:7. and shipping tags for
oxygen samples rre av;,..tiable from the supply
system. Insulated sampling contaMere are .1va
able from the .oca1 NavAirSysCom representa-
tive.

The odor test sh..2.dd be made OP !kick
oxygen sl;stems following ev-.ry dry r rge or a'
any other timi thaE contamination is :-,spected
The procedures for performing the test nt
a Itcuid oxygen servicing trailer are

1. Cover the bottom rf a 400-cubic clrtt-
meter beaker or similar container with a clean
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dry piece of filter paper er suitable absorbent
paper. Provide a ^lean transparent glass cover
as a means for .rtially covering the top of the
beaker.

2. Co-in .1 a short section of clean plastic
tubing to the vent line of the trailer purging
device to aid in collecting a LOX sample in the
beaker.

3. Connect the filler valve o; the trailer
transfer hose to the purging device and purge
the hose for at least 2 minutes.

4. Collect approximately 200 cc of liquid
oxygen in the beaker. Keep the beaker covered
as much as possible during the collecting of the
sample and during the remainder of the test.

CAUTION: Do not hold the be ,or with
bare bands while collecting the sampl,

5. Allow the sample to evaporate tr, 2ryness
in an area free of air currents and any odors.

. After the sample has completely evapo-
rated, raise the coy and smell the vapors in
the beaker.

7. If odors are detectable in the sampling
br,ker, purge the equipment as specified in the
appropriate Maintenance manual.

Samp"ngs of LOX from aircraft converters
are umally obtained with the converter removed
from th,) ai-craft. Follow the reconurrnided
procedures provided In the applicable ah craft
Maintenance instructions manual.

2 8 0
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CHAPTER 9

EGRESS SYSTEMS

CANOPY SYSTEMS

The canopy on modern high-performance
aircraft serves several purposes. It is designed
mainly for the protection and visibility of the
pilot and crew. It also serves as an averr.:e of
escape in case of emergency.

The canopy system includes the canopy it-
self, plus all the components used in opening
and closing the canopy for normal entrance and
exit, as well as those used in jettisoning the
canopy during an emergency. Inspection and
maintenance of canopy actuating systems are
important responsibilities of the AME.

Two types of canopiesthe clamshell type
and the sliding typeare commonly used on
naval aircraft. (See fig. 9-1.) The clamshell
type is hinged aft and opens at the forward end
like a clamshell. The sliding type rests on
tracks on the fuselage and opens and closes by a
sliding action. Figure 9-1 illustrates both types
of canopies.

Aircraft manufacturers have designed vari-
ous methods of actuating the canopy. Normal
opening and closing may ue accomplished pneu-
matically (compressed air), electrically, man-
ually, or hydraulically. Emergency iettisoning
is generally done pneumatically.

In most instances, more than one method is
provided for normal opening and closing of the
canopy; thus, if one system fails, the other
may be used. The same holds true for jettisoning
the canopy.
ELECTRICAL CANOPY SYSTEM

An example of an electrically operated canopy
system is that incorporated in the North Ameri-
can T-2A training aircraft.
Description

The T-2A canopy installation is of the clam-
shell typr:, hinged at the aft end and opened and
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closed by reciprocating movement of an actuator
rod attached to the canopy near its midsection.

Normal Operation

In its normal operation, the T-2A clamshell
canopy is electrically controlled and actuated.
Three control switches are provided for normal
canopy operation. There is one switch for open-
ing and closing the canopy in each of the cockpits
an(' an external switch for opening and closing
th canopy from outside the aircraft. The actu-
ator is an electric motor, capable of reverse
operation, which drives a rotating gear through
reduction gears. This rotating gear is meshed
with external threads on a large screwjack which
moves up or down, depending upon direction of
rotation of the actuator. Upward movement of the
screwjack opens the canopy; downward move-
ment closes it. Figure 9-2 illustrates the screw-
jack and actuator of the electrical canopy sys-
tem of the T-2A.

Electrical switches known as limit switches
are incorporated into the electrical control
circuit which automatically shut off the current
and stop the actuator motor when the canopy
reaches the fully open or fully closed position.
Emergency Operation

The canopy may be forcibly jettisoned from
either inside or outside the aircraft. This is
accomplished by releasing a pneumatic remover
tube located iaside the hollow screwjack. A bal-
listic initiator actuates a release latch which
allows air pressure to force the remover tube
upward and out of the scr# wjack and push the
canopy up and off the aircraft. Figure 9-3 il-
lustrates the actuatm /remover assembly and
emphasizes components of the canopy remover
as well as the jettison condition.

The remover assembly consists of two tubes,
each open at one end only and the smaller
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Figure 9-I.Types of canopies. (A) Clamshell; (B) sliding.

,erted, open end first, into die larger. The
addition of an 0-ring seal between these two
tubes forms an effective air chamber. At the
closed end (top) of the inner (remover) tube an
air pressure gage, a filler valve, and a pres-
sure relief valve are incorporated.

At the lower end of the inner and outer
(screwjack) tubes, a lock mechanism retains
the two tubes together during normal canopy
actuation. An air pressure charge of 3,000
pounds per square inch is forced into the cham-
ber between the two tubes. This ;:harge is the
source of the energy required to remove the
canopy forcibly in an emergency. The air filler
valve is used to introduce the charge into the
remover; the pressure gage is used to check
the air-charge periodically as well as act a s a
control device during air servicing. The relief
valve relieves excessive pressures should they

Air

AM.141

build up spontaneously due to thermal expansion
in a charged remover tube.

The lock mechanism that retains the actua-
tor/re: Aover sections together is unlatched by a
release plunger built into the bottom of the
actuator/remover housing. if the screwjack is
more than "1:-ee-fourthi of an inch from the
down positioa, the j. ttison system will be unable
to jettison the canc. y, because the releasing
latch cannot emtact the release plunger. (See
fig. 9-3.)

The canopy jettison sequence may be initiated
automatically during an in-flight emergency
simultaneously with initiation of the seat ejection
sequence. The canopy jettison sequence may also
be initiated manually by means of the canopy
emergency release handle located in the forwarr,
and aft cockpits or by pulling the external canopy
jettison handle located on the left-hand side J
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AM.142
1. Canopy actuator (motor). 7. Relief valve.
2. Reduction gears. 8. Air filler valve.
3. Canopy attach point. 9. Canopy actuator link.
4. Actuator/remover tube. 10. Gas actuated unlocking mechanism.
5. Actuator/remover housing. 11. Screw gear.
6. Air pressure gage. 12. 0-ring seals.

Figure 9-2.Canopy operation components.

the fuselage in the same proximity of the canopy
open and close electrical switches.

Regardless of the method used to initiate the
canopy jettison sequence, a mechanically actu-
ated gas initiator (a kind of cartridge) is fired.
Figure 9-4 shows the forward release handle,
the external jettison handle, and the gas initia-
tor. Pulling either the forward or aft canopy

release handle approximately 3/4 inch aft, fires
the respective initiator.

The external jettison handle (fig. 9-4) is
mounted in a spring clip and attached to a 6-foot
cable wound into the jettison handle cavity. The
opposite end of the cable is attached to the
sear pin of the mechanically actuated gas
initiator. The cable unwinds as it is pulled until
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GAGE

REMOVER TUBE

COMPRESSED AIR
(3000 PSI )

JETTISON INITIATOR
GAS ENTRANCE

ACTUATOR PARTIALLY
EXTENDED

IF FIRE IN THIS POSITION THE CANOPY
WOULD NOT JETTISON BECAUSE THE
RELEASING LATCH CANNOT CONTACT THE
RELFASE PLUNGER.

LEGEND

MOM REMOVER Tu
77477 HIGH- PRESSURE MIR

PISTON

e
41 ko

AIR SEAL

t; Y Alp I
LILIIIIiijr4.:

PLUNGER

9ALL DETENT
LOCK

RELEASING
LATCH

STATIC CONDITION

JACKSCREW RETRACTED, CANOPY
CLOSED

Figure 9-3.Canop 7. jettison

all slack in the cable is taken up, then the sear
pin is pulled and the gas initiator fires.

Expanding gas pressure created by any of the
three initiators being fired is routed through
flexible steel lines to the bottom of the canopy
actuator/remover housing where the gas pres-
sure operates the plunger located in the fiLecl
case at the bottom of the housing. mhe plunger
action releases the mecha.nical lock at the bottom
of the remover tube inside the housing, allowing
the high pressure air charge stored in the re-
mover tube to force the tube and canopy from
the aircraft.
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JETTISON CONDITION

BALLISTIC GAS FROM CANOPY JET-
TISON SYSTEM FORCES PISTON TO
RELEASE LOCK MECHANISM WHICH
ALLOWS AIR CHARGE TO FORCE RE-
MOVER TUBE (AND CANOPY) FROM
AIRPLANE

AM.1172
components and operation.

CARTRIDGE INITIATOR.A crosc sectional
view of the cartridge initiator utilized in the
T-2A canopy jettison is provided in figure 9-5.
The initiator basically consists of a cylinder
containing a mechanically operated firing mech-
anism and a cartridge. The firing mechanism
includes the initiator pin, spring, and firing pin
enclosed in the firing pin housing. The firinE.r.
mechanism is held in a safe position by a safety
pin which passes through the housing and a
poove on the side of the initiator pin.

The initiator is actuated by a cable or rod
attached to the initiator pin as shown in figure
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CANOPY EMRG RELEASE
HANDLE (FWD COCKPIT)

tiI. _
----

F ODRF WLAERFDr -PHOARNTDI ON

.1 I CONSOLE
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SHIPPING SAFETY PIN
(INSTALLED FOR MAINTENANCE

PURROSE ONLY)
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BRACKET
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STATION.75.0

CLEVIS
FITTING
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SEAR

PIN

EXTERNAL CANOPY
JETTISON HANDLE

CABLE CLEVIS
FITTINGS

INITIATOR

FUSELAGE
EXTERNAL

SKIN

SHIPPING
SAFETY PIN

Figure 9-4.Canopy jettison handles and initiators.

9-4. Pulling the cable cocks and releases the
spring-loaded firing 10.n to fire he cartridge.

As is the case with the T-2A, several initia-
tors may be used to trigger a single remotely

GAS
LINE

AM.1173

located pressure-operated device. The gas ports
of the initiators are teed into a main gas deliv-
ery line 17..) that operation of any of the three
initiators in thc canopy jettison system will
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actuate the actuator release plunger as shown
in figure 9-3.

When two or more initiators are utilized in
a system, a check valve is installed in the de-
livery line from each initiator to pr, it pres-
sure from the fired initiator from :l'ey.ing the
delivery line of the unfired initiatoi .

Initiator identification and servicf.: iife data
are provided on an identification plate attached
to the initiator housing, (See fig. 9-5.) Identifi-
cation plate data includes a description of the
device, the federal stock number, and the lot
number. The lot number or the assembly date
of the initiator is used in determining its serv-
ice life. The lot numbei ed is given in the
following manp.er:

Example: Lot No. 5-XX-0971
1. The number 5 represents the consecu-

tively numbered production lot of eaca calendar
year.

2. The XX represents the assigned code of
the final assembler.

3. The 0971 represents the month and year
of production. In this case, assembly was com-
menced in September of 1971.

4. An R after the lot number indicates that
the device has been reworked.

The service life of the M99 initiator is
presently established at 5 years from the date
of assembly or rework, with a maximum of 30

SAFETY
PIN

SPRING

INITIATOR, CARTRIDGE
ACTUATED, M99
FSN

LOT NO. I

Ns\IDENTIFICATION PLAIT

FIRING PIN -.111111111")10d.

HOUSING

CAP

4tiNqPIN

iliTA/6
SALL

OUTLET
PORT

Fci.tut
CHAMBER

AM.1174
Figure 9-5.Cartridge actuated initiator.

months installed aircraft time allowed. When a
new initiator is installed in the aircraft an entry
is made in the aircraftlogbook of the installation
date, lot number, and the computed expiration
date. The AME installing the initiator should
write this information on the Maintenance Action
Form (MAF) so that it may be transcribedfrom
the MAF to the aircraft logbook by personnel in
the AZ rating who are charged with that respon-
sibility.

The service life of a reworked initiator is
determined in the same manner as that for new
initiators.

NavAir Manual, NavAir 11-100-1, provides
general and specific data, nomenclature, han-
dling instructions, and service life limitations
for power cartridges and cartridge actuated
devices for aircraft and associated equipment.

Manual Release Operation

If the canopy actuator/remover becomes
inoperative or if it becomes necessary to re-
lease the canopy other than in the normal or
emergency methods, the canopy can be released
manually. The manual release system allows the
canopy to be manually unlocked and opened far
enough for the pilots to exit the aircraft. The
release system is also used during canopy re-
moval operations for maintenance.

The actuator/remover link is the only secure
attachment between the canopy structure and the
aircraft. Figure 9-6 illustrates the canopy link
in the locked, unlocking, and unlocked positions
as well as the canopy closing wedge, the six
locking hooks, and the cam fork and pivot ar-
rangement. Three manual release handles lo-
cated in the forward and aft cockpits and on the
outside of the left-hand canopy skirt are con-
nected by linkage to the actuator link mech-
anism. Pulling any one of the handles causes the
actuator link huoks to swing aft, releasing the
aft end of the actuator link from the canopy
connection.

When the canopy is closed, this will allow the
canopy to be pushed aft far enough to disengage
the side locking hooks and be opened manually
by pushing upwards. If an emergency exists, the
canopy can be quickly removed from the air-
craft by pushing aft and up until the canopy falls
clear.

When the canopy is open, manual release re-
quires that one of the handles be pulled over
center to position the actuator link hooks in the
open position and that the uplock hook be

272

" 8 6



Chapter 9EGRESS SYSTEMS
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Figure 9-6.Canopy

disengaged by pushing aft on the uplock hook
roller while pushing forward on the canopy.

Maintenance

Prior to performing maintenance on any por-
tion of the canopy jettison system insure that all
safety pins are properly installed and that the
specific safety precautions peculiar to the sys-
tem are strictly complied with.

CAUTION: Precautions must be taken to
prevent injury by movement of the canopy when
working in or near the cockpit of any aircraft.
The canopy control handle should be locked in
the OPEN position, using the canopy ground
safety lock provided.

The canopy emergency release handles in the
forward and aft cockpits and the canopy actua-
tor/remover are equipped with flagged ground
safety pin devices that prevent accidental

link operating sernence.

PIVOT
POINT

DOWNLOCK
HOOK

AFT CAM
TRACK

AM FORK

AdA.1175

initiation of the canopy jettison system. The
external jett ison handle is not designed to accom-
modate a ground safety pin. Since the handle is
located under a hinged, quick-release skin panel
and is equipped with 6 feet of cable slack, jetti-
soning of the canopy would require positive and
purposeful actions.

The only maintenance authorized on the
canopy actuator/remover is removal, installa-
tion, and servicing witli air. The unit should
never contain an air charge unless it is installed
in the aircraft. The air charge should be re-
leased prior to removing the unit from the air-
craft.

The ground safety pin for the canopy actua-
tor/remover forms a positive safety lock be-
tween the jackscrew and the remover tube. If the
remover tube locking mechanism becomes un-
locked because of a malfunction or accidental
actuation of a canopy jettison system initiator,
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the pin will prevent the remover from jettison-
ing the canopy. An unlocked condition would be
indicated by binding of the safety pin. If binding
occurs it could mean that the safety pin alone
is the orly thing preventing the canopy from
being jettisoned. Never force or pry the safety
pin from thr actuator/remover. Release the air
charge and investigate the cause for the binding.

During maintenance on any of the three jet-.
tison handles, associated linkage and plumbing,
or the initiators, a shipping safety pin (see fig.
9-4) must be installed in the initiator. Removal
procedure for the initiator consists of the fol-
lowing general steps:

t. Install the :lagged ground safety pin in
the jettison hanale (when applicable).

2. Install the pin in the initiator.
3. Disconnect the gas line from the outlet

port.
4. Disconnect the jettison handle clevis

fitting from the initiator sear pin.
5. Remove the shipping safety pinto accoir

modate removal of the mounting nut that secures
the initiator to its support bracket and withdrawal
of the initiator from the bracket hole. Reinstall
t safety pin immediately following removal of
the initiator from the bracket mounting hole.

CAUTION: When the initiator is being han-
dled with the shipping pin removeC, every effort
should be made to keep the gas outlet port
pointed away from the handler.

Installation procedures for an initiator will
normally include checking of the actuating
handle(s) for freedom of movement and proper
travel. When it has been ascertained that the
handle has been properly adjusted in accoi dance
with the Maintenance Instructions Manual the
flagged safety pin is inserted in the handle, then
the clevis fitting is reconnected to the initiator
sear pin. The gas line is not reconnected until
all other steps of the installation are completed.

The initiators used in the T-2A canopy jet-
tison system are sealed devices, and mainte-
nance personnel are prohibited from opening
them for inspection, cartridge replacement, or
any other reason. Initiators that have been fired
or are reaching their service life expirat ion date
must be replaced. If an initiator is dropped or
damaged in any way during maintenance, or if
the sear pin is withdrawn the slightest amount,
the initiator should be replaced with a new one.

Rubber hose used in ballistic applications
have a service life of 5 years from the date of

manufacture with not more than 30 months after
installation on an aircraft. Wire braid teflon
hose applications have a service life the same
as that of the aircraft in which it is installed,
unless used. If any initiator cr other ballistics
device is fired, accidentally or intentionally,
the hose connected to that initiator and the unit
being actuated, and all other components sub-.
jected to gases are replaced. The general condi-
tion of the hoses are checked on the pei iodic
aircraft inspections.

Overaged or damaged initiators should be
disposed of in accordance with existing direc-
tives. Improper disposal could result in serious
injury to personnel not familiar with such ex-
plosive devices.

When aircraft are being prepared for de-
ployment fo l. extended periods of time to areas
where replacement cartridges/initiators are not
readily available the expiration date of the
various cartirdge-actuated devices of concern to
the AME should be checked. Any items which
would become overage during the deployment
should be replaced prior co the actual deploy-.
ment date.

Calendar inspection requirements for most
canopy jettison systems will include an oper-
ational check or test of components and controls
and a check for proper adjustment, locking,
alignment, and sealing. The operational checkout
should be accomplished in strict conformance
to the steps provided in the Maintenance In-
structions Manual and/or on the Maintenance
Requirement Cards. Deviation from the step-
by-step procedures or unauthorized shortcuts
cannot be tolerated and could result in serious
injury or death to personnel and/or costly dam-
age to the aircraft.

If a canopy must be replaced with one that
has not been adjusted for the specific aircraft,
complete rigging and adjustment in accordance
with the Maintenance Instructions Manual will
be necessary. In most cases the canopy rollers,
shims, wedges, locking hooks, andother similar
miscellaneous hardware must be transferred
from the old canopy to the pow one.

Tne weight of many canopies will demand
that a canopy sling and hoisting equipment be
utilized in the removal and installation proce-
dure. Insure that the correct sling is used and
that the capacity of the hoisting equipment is
adequate to handle the weight of the canopy.
Necessary maneuvering of the canopy during
removal and installation will require that stable
and approved hoisting equipment be used.
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iteplacemeht 1 atnag,ed panels in canopies
and windshields is the rt sponsiinhtv 1 pers,)n-
nel II, the A 'A

PNEUMATIC CA:CoPY SYSTEM

Ar. xaiiipi it a pneumat,aally operated
canopy system is that incorporated in the Mc-
Donnell Aircraft (orporation's F-4 "Phantom
II" nt

Desc ript in cope rat ir
The Phantoni II installation

9-1 A)) is If the dual clamshell type. Each
canopy is hinged at the aft end and is opened
and closed by recipricat ing movement of a pneu-
mat ic actuatiin.; cylinder attached near the rear
of each canopy. Figure 9-7 is a modified sche-
matic of the forward canopy actuation system.

The canopies are operated by three general
types of controls. The normal controls actuate
the canopy normal pneumatic system. The emer-
gency controls actuate the canopy emergency
pneumatic system and are used only for in-
flight escape or crash rescue. Manual controls
are provided for use only in the event of a
canopy normal pneumatic system failure.

CANOPY NORMAL PNEUMATIC SYSTEM.
Air at 3,000 psi is supplied from the aircraft
pneumatic system and is reduced to 1,000 psi
by a pressure regulator in the canopy pneumatic
system. A relief valve is incorporated for pro-
tection of the normal system in case of pressure
regulator failure or, when the aircraft is shut
down, in case of thermal expansion. Whenever the
canopy actuators are closed, pneumatic pres-
sure is continually exerted in the actuators
helping to hold the canopy closed.

The canopies are opened or closed by manu-
ally select ing a selector valve position by means
of an internal selector lever or the external
open and close push buttons. Selecting the valve
to the OPEN position directs air pressure to
the extend side of the canopy actuate , The
canopy actuator is connected to the canoi lock-
ing and unlocking mechanism in such a way that
when the actuator extends, initial extension
action causes the actuator outer barrel to travel
downward unlocking the canopy latches before
the actuator piston extends to open th canopy.
Even though air pressure remains on the retract
(canopy closed) side of the actuator piston, it
does not have sufficient working area to suc-
cessfully resist movement of the piston and the
canopy raises to the open position.

Select big the valve to CLOSFD merely
diulips the open pressure completely out of the
system and the air pressure on the retract side
of the actuator piston is enabled to retract the
piston, since there is no resistance to piston
movement. One-way restricto-s in the canopy
open and close lines slow the operating time
anii prevent structural damage which could be
caused by the canopy slamming open or closed.
Final actuator retraction movement causes the
locking mechanism to ro`ate and engage the
canopy locks.

An amber CANOPY UNLOCK light is located
in the forward and aft cockpits to notify the
crew of an unlocked canopy condition. The for-
ward cockpit mounted light will illuminate when
eithe: canopy is unlocked. The aft light will
illuminate only when the aft canopy is unlocked.
Either light being illuminated is reason for
aborting a flight until the cause is corrected.
If an unlock light illuminates, the canopy must
not be opened by using the normal canopy open
procedure until it has been (..-tei mined that the
canopy actuator shear pin Iv. ot been sheared.
If the pin is sheared, normi c r.ing pneumatic
pressure could cause the za u, cr to puncture
thmage the canopy.

If canopy closure is attempted with engines
running above a stabilized idle rpm the canopy
may not lock due to back pressure caused by the
aircraft pressurization system.

CANOPY EMERGENCY PNEUMATIC SYS-
TEM.Jettison of the canopy is accomplished
by the emergency pneumatic system. The emer-
gency system is actuated in flight automatically
as a part of the ejection sequence by pulling
either the face curtain ejection handle or the
secondary firing control. This action causes the
firing of the seat mounted initiator (fig. 9-7).
Pressure created by the firing of the initiator is
routed through the aircraft's emergency escape
sequencing system to operate the gas-pressure-
opPrated valve. The function of the pressure-
operated valve is to direct emergency air pres-
sure from the storage bottle directly to the
extend side of the canoriy actuating cylinder and,
at the same time, to trip the emergency dump
valve which dumps all air pressure from the
canopy CLOSE line. Emergency air pressure is
also routed to the cockpit flooding doors. These
dc s open to reduce the time required to

izo the cockpit pressure under water if the
Itt ditches. The difference in cockpit pres-

sure and water pressure against the outside of
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the canopy could otherwise result in the canopy
not opening after a water entry (ditchinr).

On the later version F-4 canopy s,-;tem,
iliastrated in figure 9-7, the emergency brake
air bottle provides an additional or secondary
source of pneumatic pressure. A double check
valve prevents pressure from flowing irorn thr
emergency brake bottle to the canopy emergency
air boale and vice versa.

The canopy thruster (fig. 9-7) provides an
additional force to the forward canopy to inL;ure
canopy jettisoning when adverse airloads are
applied to the forward canopy, which is the case
when the aft canopy is jettisoned before the for-
ward one. When the canopy jettison sequence is
initiated, an arm on the canopy locking mech-
anism torque tube actuates a canopy thruster
switch. The thruster cartridges are elect.. ically
fired and the resulting gas pressure forces the
thruster piston to extend approximately two
Inches, contacting the canopy frame and forcing
the canopy upward into the windstream.

The canopy mechanisms include three shear-
pins eachone in the canopy actuator rod ends
and two in the canopy hinges. During emergency
operation in flight, these shearpins fail as the
canopy is opened into the wind blast existing
outside the aircraft. The canopy is thus removed
from the aircraft.

The emergency system may be actuated
separately from the ejection sequence ft om
either inside or outside the cockpit by means of
emergency canopy release handles. These are
for use in case of the necessity of crash escape
or rescue or in the event automatic canopy jet-
tisoning does not occur after pulling the face
curtain and/or secondary firing control handle.
The emergency escape sequencing system is
utilized when canopy jettison is initiated by the
face curtain or the secondary firing control as
a part of the ejection seat sequence.

Firing of the aircraft structure mounted
initiator by means of the internal or external
emergency release handles routes initiatot gas
pressure directly from the Initiator through the
double check valve and the gas pressure oper-
ated valve to the canopy actuator and dump
valve. The same sequence of events occurs as
in the in-flight emergency canopy operation,
except that when actuated on the ground there is
no wind to carry away the canopy; therefore, it
is merely pushed open and remains on the air-
craft. In this case the canopy opens slightly
faster than normal due to the higher pressures
used in the emergency system.

When the ex'ornal emergency jettison (re-
lease) handle is pulled, the forward canopy is
jettisoned, and after the forward canopy has
cleared the aft cockpit enclosure the aft canopy
is jettisoned. This slight delay in jettisoning the
aft enclosure is intended to prevent the po5si-
bility of the forward canopy landing in the un-
protected aft cockpit.

CANOPY MANUAL CONTROL OPERA-
TION. The Phantom II is equipped with a manual
canopy operation control for use on the ground
when and if the canopy normal system should
become inoperative due to loss of pressure.
The mechanical arrangement of the components
varies between the front and rear seats. How-
ever, thE operation of the canopy manual con-
trols in either cockpit or outside the fuselage
serves to unlock the canopy from its normal
latch2s in either case. Then, when the normal
handle is placed in the open position, the canopy
may be pushed open manually. The normal
handle in the open position allows the closed side
of the actuator to be vented and thereby releases
trapped air pressure. The canopy must be held
open when entering or leaving the cockpit after a
manual opening, since without pressure, the
actuator may not hold the canopy in the open
pos it ion.

Maintenance

Organizational maintenance on the-F-4 can-
opy system is generally limited to inspection,
modification, operational checkouts, trouble
analysis, replacement and adjustment of system
components and linkage, and lubrication.

Checkout procedures for the system are
provided in the aircraft Maintenance Instructions
Manual and Maintenance Requirements Cards.
The items to be checked and the frequencies at
which these check, are to be conducted are
established by th )licable Maintenance Re-
quirements Info dc.-i Cards or the Periodic
Maintenance Re ments Manual.

CAUTION: Insure that ejection seat
and canopy safety pins are installed prior to
working or entering the cockpit area to prevent
inadvertent firing.

A complete checkout of the canopy system
includes an operational and functional check of
tne canopy opening and closing system, emer-
gency pneumatic system checkout, jettison con-
trols checkout, manual unlockinghandles check-
out, and a canopy shearpins checkout. Personnel
in the AE rating will perform a checkout of the
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canopy thruster firing circuit and the canopy
unlock warning circuit.

A variety of special tools and equipment
such as push-pull type spring scales, safety
struts, lock clearance probe, rigging tools, can-
opy and ejection seat mechanism tester, etc.,
are necessary to accomplish the various check-
ot.as. For example: The push-pull type spring
scale is used to check the force required to
manually unlock the canopy; the canopy and ejec-
tion seat mechanism tester is used to perform
the functional test of the emergency pneumatic
system; and a stop watch is necessary to check
the canopy opening and closing times. The use
of the correct canopy safety strut and strict
adherence to the step-by-step procedures pro-
vided in the MIM or Maintenance Requirements
Card decks cannot be overemphasized. Failure
to follow these detailed procedures could result
in serious injury to per.rjonnel and damage to
very expensive equipment.

Unscheduled maintenance of the canopy sys-
tem includes such maintenance tasks as trouble-
shooting, adjusting or rigging, repair, and re-
moval and replacement of components.
Troubleshooting system mallunctions should be
accomplished by well qualified personnel who
possess a thorough knowledge of the system.

With a thorough knowledge of the system, a
careful examination of the facts concerning the
malfunction and reference to the troubleshooting
aids provided in the applicable MIM should re-
sult in a quick determination of the probable
cause and finally, through logical reasoning, the
exact cause of malfunction. Repair or correction
of the malfunction in accordance with the proce-
dures provided in the MIM isfollowedby another
o-,-)rational check to insure that the malfunctkm
has been corrected and the system operates
properly in all modes.

Intermediate maintenance repair of canopy
system components consists of disassembly,
cleaning, inspection, repair, assembly,. and test-
ing in accordance with the instructions provided
in the MIM or the applicable 03 series overhaul
manual.

Repair actions on components are docu-
mented on the appropriate copies of the Main-
tenance Action Forms (MAF's). When modifica-
tions are required on components as a result of
a technical directive, the maintenance action is
recorded on a Technical Directive Compliance
Form.

When components are forwarded ,rom one
level of maintenance to another level for repair
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or check and test, they must be properly handled
to prevent unnecessary damage. All ports of
pneumatic devices should be plugged to prevent
the k'ntry of contamination. Parts should be
cleaned, preserved, and packaged as necessary
to prevent damage from handling, shipping, and
storage. Items going from a supported activity
to a local Intermediate support activity for im-
mediate repair or check and test will be pack-
aged and preserved in accordance with local pro-
cedures established by the AIMD.
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HYDRAULIC CANOPY SYSTEM

An example of a hydraulically operated
canopy system is that incorporated in the
Grumman Aircraft Engineering Corporation's
A-6A attack bomber.

Description/Operation

In the A-6A the cockpit is covered by a
jettisonable sliding canopy that is powered by
the canopy system. The canopy system con-
sists of the components required for normal
operation and emergency jettison of the canopy.
The entire system is hydraulically operated
with the exception of the jettison device. Earlier
versions of the A-6A incorporate an electrical
jettison while later versions employ the pneu-
matic jettison concept. Hydraulic power for
operation of the system is furnished by the
combined hydraulic system or the hand pump
system. (See fig. 9-8.)

Hydraulic flow to open or close the canopy
is controlled through a selector valve which
is in the nosewheel well under the cockpit
floor. This selector valve may be operated
either electrically or manually. Normally opera-
tion is electrical through the CANOPY switch
on the pilot's instrument panel. This switch
controls the selector valve whenever the engines
are operating or whenever external electrical
and hydraulic power are applied to the aircraft.

The hand pump system can be used to man-
ually pump the canopy into position when com-
bined hydraulic system power is not available
on the aircraft. The hand pump is in the nose-
wheel well and can be operated either from there
or from the cockpit. The canopy selector valve
can also be manually actuated either from the
cockpit or nosewheel well.

Whenever the selector valve is selected to
the closed position, hydraulic pressure from
either the combined (both engines) hydraulic
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system or the hand pump system flows through
the selector valve into the canopy close line.
Pressure in this line is delivered through a
flow regulator to the rod end of the canopy
actuating cylinder, causing the piston and rod
to retract and close the canopy. Opening of the
canopy is the reverse of the closing operation.

NOTE: Maintenance of the hydraulic portion
of the A-6A canopy actuation system is the
responsibility of the AMH rating.

In an emergency the sliding canopy is
jettisoned by a mechanism which operates in
much the same manner as the T-2A clamshell
type. However, unlike the T-2A system, the
A-6A canopy jettisoning system is not actuated
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as part of the ejection sequence, but must
be manually selected separately from the ejec-
tion seats. The canopy ejection is a separate
function because the normal procedures for
utilizing the ejection seat require ejection
through the canopy unless special conditions
dictate a deviation is necessary. It will be re-
called that the actuator (screwjack) also houses
a remover tube which contains an air charge.
In the A-CA scheme a jettison sleeve is housed
in the canopy actuator rod. Instead of a corn-
presF d air charge stored inside the rod, pas-
sages 'onnect to a jettison cartridge mounted
on the side of the cylinder-head semi. When the
cartridge is fired, expanding gases creaie the
necessary pressure to unlock the jettison sleeve
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from the rod end and force it ;yid the can-
opy aft and off the aircraft.

As mentionc2d previously, the original A-6A
design provided for electrical jettison initia-
tion. In this configuration the cartridge is elec-
trically fired by selecting .IFTTISON on any
one of three jettison switches, one in the cockpit
and two outside the fuselage on either sick of
the aircraft.

In the later pneumatic configuration illus-
trated in figure 9-9, the jettison cartridge is
fired by pumatic pressure from a small
(14.6 cu in.) air bottle pressured with nitrogen
to 2,450 psi at 70'F prior to takeoff. Three air

release valves are installed in the aircraft for
jettisoning the canopy one is actuated from the
cockpit: the other two by their respective
RUSCUl: Iwndle on the engine intake air ducts.

Opening- any one of the three air release
valves directs nitrogen pressure from the bottle
to the canopy actuator cap assembly and fires
the pneumatic jettison cartridge.

NIanual release of the hydraulic cylinder
from the canopy attachment is accomplished by
pulling the manual release handles located under
two access doors on the aft end of the canopy
shell or the single manual release handle lo-
cated on the canopy overhead center beam.
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(PILOT'S RESCUE)

RIGHT
OUTSIDE
JETTISON

0

AIR
RELEASE

VALVE

LEFT
OUTSIDE

JETTISON
HANDLE

AIR
RELEASE

VALVE

PNEUMATICALLY FIRED
CARTRIDGE

.tomalar

CANOPY
CYLINDER

Figure 9-9.Canopy jettison
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Components

The main cJinpone!.ts of the jettison system
are illustrated in figure 9-9. The relief valve
prevents excessive air bottle pressure increases
due to thermal expansion and overpressurization
during charging. The valve cracks to relieve
pressure at 3,800 p -1 and reseats at 3,400 psi.

The air gage provides a means of cnecking
proper system precharge. It is tapped in tile
pressure line between the air bottle and the
cockpit air release valve.

The vent bleeder valve is located on the fur-
ward side of the left boarding ladder well. It is
located downstream of all three air release
valves and vents any low-pressure nitrogen that
may have leaked past the air release valves,
thus preventing inadvertent cartridge actuation.
The valve is normally open at 40 to 80 psi and
when an air release valve is actuated, the bleeder
valve closes and remains closed throughout the
jettison operation. The valve will reopen when
the pressure in the system is reduced below
40 psi. The bleeder valve also has a manual
override that permits bleedoff of nitrogen pres-
sure after testing the p2rformance of the jetti-
son system as required during periodic in-
spections.

The canopy actuating and jettisioning cylin-
der is primarily '!:e concern of personnel in

the AMH rating; however, the cylinder can be-
come damaged during canopy removal anci

installation if the exact procedures Frovided
in the MIM are not strictly adhered to.

Maintenance

Maintenance of the A-6A canopy and canopy
jettison system, illustrated in figures 9-8 and
9-9, includes removal and installation of the
canopy and system components, lubrication,
rigging and adjustment, and periodic inspection.

Prior to performing any maintenance insure
that the ejection seat and canopy safety pins
are installed and that the canopy switches or
control handles correspond with the canopy
position. On later model A-6 aircraft the canopy
selector waive is spring loaded to the neutral
position and movement of the canopy requires
that the switch or control handle be held in the
open or closed position in order to produce
canopy movement. In any case, stay out of the
path of canopy travel during canopy operation.
Do not operate a system that you are not
thoroughly familiar with and qualified to operate.
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lugging and adjustment of the canopy is ac-
complished by adjusting the end terminal of the
actuating cylinder so that the cylinder ball locks
leek under a given hydraulic pressure preload
and this adjustment is accomplished by per-
sonnel hi the AMH rating.

The size and weight of the anopy requires
that a hoisting sling be used in removal and
installation. When removing the canopy to ac-
conunociate cockpit workin g. space or the re-
noival of coc!kpit equipment, a special canopy
adapter is available to position the canopy on
top of the fuselage rather than lowering it com-
pletely off the aircraft. Once on the adapter, the
canopy sheuld be immediately secured with the
a`tardied nylon straps. Use of the adapter on
the fli,ot deck or other outside areas that could

.-.i:ostci to high wind conditions, such as jet
:ropeller blasts, is prohibited.

manual removal of the canopy becomes
necessary in order to get the canopy open due
to a malfunction of the normal hydraulic open-
ing and closing system, the canopy seal must be
deflated. The seal can normally be deflated by
cracking the canopy slightly open with the hy-
draulic hand pump or the electric-motor-driven
auxiliary hydraulic pump. Should such action
fail co deflate the seal, th.;2 seal can be cut with
a knife. Cutouts are provided in the seal re-
tainer to accommodate cutting of the seal from
either inside or outside of the cockpit.

After the canopy has been disconnectedfrom
the actuator's piston end terminal, the extended
piston rod will rest on the forward edge of the
fuselage panel directly beneath it. If the piston
is retracted without lifting the terminal end,
it may catch on the panel and cause the locking
segments (fig. 9-9) to fall out, leaving the cyl-
inder in an unsafe condition. Loss of the seg-
ments could lead to accidental separation of
the piston jettison sleeve and the piston rod of
the actuating cylinder during flight with possi-
ble loss of the canopy during flight. Following
proper MIM installation procedures for the
canopy will preclude this possibility.

During periodic maintenance of the canopy
jettison system and removal and installation of
the actuator, the jettison cartridge must be re-
moved and properly stowed so as not to present
a hazard. New cartridges are supplied in pro-
tective hermetically sealed containers. When
being replaced, an entry must be made in the
aircraft logbook by personnel in the AZ rating,
indicating the date of cartridge expiration, in-
stallation date, and lot number. Service life of



AVIATION STRUCTURAL MECHANIC E 3 & 2

the cartridge is the same as that prescribed for
P.e T-2A initiator cartridges.

When installing a new cartridge the service
life expiration date should be marked on the
side of the cartridge in indelible ink. Also
write the same information on the controlling
maintenance document (MAF) so that it can be
properly recorded in the aircraft logbook.

A light film of corrosion prohibiting oil may
be applied to the cartridge prior to installation.
In all cases conform to the type of lubricant and
installation procedures prescribed in the MIM.

As previously stated, the operational check
of the jettison system must always rigidly con-
form to the step-by-step procedures supplied
in the applicable MIM with special considera-
tion for the specific safety precautions peculiar
to the system. If all air release handles and
controls are not returned to their normal posi-
tions and the jettison system pressure bled off,
the canopy could be accidentally jettisonedwhen
it is being serviced and returned to a flight
ready condition.

Disassembly, cleaning, inspection, repair,
reassembly, and testing of components are
normally accomplished at the Intermediate level
maiAtenance activity in accordance with the
component repair section of the applicable MIM.
All maintehance should be performed by quali-
fied personnel with appropriate quality as-
surance inspection at the steps specified in the
MIM.

SEAT EJECTION SYSTEMS

The modern high-performance aircraft used
by the Navy today make extreme demands of
emergency escape devices. It has been a known
fact for a long time that the most critical time
for ejection from aircraft is at low altitudes,
especially on takeoffs and landings. The ulti-
mate in seat reliability, and the goal to which
engineers have been working, is one that
safely ejects the occupant at zero airspeed
and at zero altitude or at low altitudes under
high sink rate and/or adverse attitude conditions.

The Martin-Baker H-7, the Martin-Baker
MK-GRU-7, ESCAPAC-1-C3 and the North
American LS-1 ejection systems are discussed
in this chapter.

MARTIN-BAKER EJECTION
SEAT (MK H-'7)

There are several variations of the Martin-
Baker ejection seats. Each variation was de-
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veloped to fulfill requirements by the individual
aircraft manufacturers for v,ie aircraft they
produce. Typical of such variations is the
MK-H-7 rocket ejection seat installed in the
F-4. This seat has been modified by AFC 30'7
to provide a rocket pack and an ejection se-
quencing system. Several of the components
have been changed to give the seat improved
performance.

Description

The rocket assist ejection seat assembly
illustrated in figures 9-10 (A) and (B) provides
support and the necessary environmental equip-
ment for the crewmembers during flight, and
a means of fast, safe escape during emergency
flight conditions. The seat assembly incor-
porates features per.nitting seat-man eje,:tion
at ground level, zQr,,, airspeed, as well as
during emergency flight conditions. Associated
emergency escape eqipmdar, such as plumbing,
gas fired initiatcrs, and time delay sequence
actuators are installed in the aircraft forward
and aft cockpit areas which provide s-lquenced
escape during dual ejection.

Basic components of the seat assembly in-
clude a catapult gun, a gas powered inertia
reel, a rocket motor, and a personnel para-
chute. One percussion fired primal-, cartridge
and two gas fired auxiliary cartridges in the
catapult gun provide the initial forces required
to eject the seat from the cockpit. Gas fired
solid propellant grain in the rocket motor
creates additional thrust during the ejection se-
quence, catapulting seat and occupant to a safe
recovery altitude.

The gas powered inertia reel automatically
prevents rapid forward movement of the seat
occupant during deceleration crash forces or
violent maneuvers, and positions and restrains
the occupant's upper torso during the ejection
sequence. After ejection, the personnel para-
chute is automatically deployed, separating
the occupant from the seat for a safe descent.

Two separate control handles are provided
on the seat to dtiate the ejection sequence.
The face curtam handle, located above the
crewmember's head, is the primary control.
This handle is attached to the face curtain,
which furnishes face protection during ejection.

The secondary ejection handle, located be-
tween the crewmembeer4 knees on the seat
bucket, is the alternate control if the face
curtain handle cannot be reached. Either control
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handle octuatils the various linkage required to
initiate the ejection sequence.

The seat is linked to be canopy by an inter-
lock mechanism located on the top aft section of

the seat to prevent ejection through the canopy.
A block inserted in the seat interlock mechanism
and attached to the canopy is pulled from the seat
by the connecting cable during canopy jettison.
Removal of the block allows the seat firing
mechanism to rotate forward and initiate firing
of the catapult gun.

The canopy interlock block is ..lso linked to a
safety pin which is inserted through the sear Of
the catapult firing mechanism. The safety pin
remains installed during qiq,ht to protect the
firing mechanism from inath c...tent operation and
is automatically withdrawn upon canopy separa-
tion.

Mounted on each side of the seat near the top
are the drogue gun and time release mechanism.
Automatic operation of the seat system after
initial ejection is dependant upon these two units.
Trip rods attached to anchor brackets pull the
sears from these two units duringupward travel
of the seat, thus actuating the operating mechan-
ism of each unit. The drogue gun deploys the
drogue parachutes, which stabilize the seat. The
time release mechanism is an automatic device
that primarily regulates the opening of the per-
sonnel parachute at a predetermined altitude that
is within a safe limit for the occupant.

The lower section of the seat assembly is
comprised of a removable seat bucket assem-
bly. The seat bucket rides in guide tracks on
the main beams and is the only portion of the
seat that moves to adjust to height of the oc-
cupant. Seat height adjustment is accomplished
by an electrically operated actuator controlled
by the seat height adjustment switch.

Seat .aucket features include stowage for the
survival kit; an emergency harness release
handle that permits manual release of the oc-
cupant's harness during manual separation pro-
cedures; a shoulder harness manual control
handle that peri, -.anual locking and unlock-
ing of the .1: i :eel, thereby controlling
movement .)f Lt:ness loop straps; a leg
restraint --ianual r.-.ease handle that permits
manual r :2ase of :he leg restraint cord lock-
pins; 2- ti two finger rings that permit manual
adjustr. f thf, g restraint cords.

Normal (J,. iii
Normal operation of the seat consists of

controlling shoulder movement, seat bucket

positioning, leg- restrain cord adjustment, and
manual release of the leg restraint cords.

Shoulder movement is controlled by posi-
tioning of the shoulder harness manual control
handle. Mechanical linkage between the handle
and gas powered inertia reel permits manual
locking and ielease of the reel. Two harness
loop straps oi the reel extend and retract,
allowing normal movement of the seat occupant.

Rapid, forward shoulder movement is auto-
matically prevented by the inertia reel when the
aircraft is subjected to fo7ces that tend to pitch
the seat occupant forward; such as, longitudinal
crash forces or violent maneuvers. When for-
ward motion of the seat occupant causes the
harness loop straps to unwind from the inertia
reel faster than a safe predetermined rate of
speed, the inertia reel lock mechanism senses
the excessive strap velocity and automaticall-
locks the reel.

Seat bucket positioning is controlled by
actuating the seat height adjustment switch.
Seat bucket up and down travel is limited by
limit switches located within the seat bucket
positioning actuator.

Leg restraint cord adjustment is controlled
by the leg restraint snubber box finger rings.
When pulled forward, these rings allow the
leg restraint cords to be pulled through the
snubbing boxes of the seat, thus providing cord
length as desired. Manual release of the leg
restraint cords is controlled by the leg restraint
manual release handle. When pulled aft, this
handle causes mechanical linkage to release the
leg restraint cord lockpins iromthe :eac locking
mechanisms, thereby releasi: the occupant's
legs from the seat.

Emergency Operation

The emergency escape sequencing system
is a pyrotechnic system interconnecting the seat
and canopy systems to provide sequenced canopy
jettison and seat ejection during emeigency
egress of both crewmembers. Single ejection
capability is also provided for the aft cockpit
crewmember. Ejection is always dual when
initiated from the forward cockpit (unless the
aft crewmember has previously ejected).

When an ejection is initiated, gas pressure
generated by pyrotechnic initiators is routed
through lines and hoses to the various seat and
canopy components employed during ejection.
The portion of the system that transfers gas
pressure from the forward cockpit to the aft
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AM.146
1. Canopy interlock block. 10. Rocket motor.
2. Face curtain handle. 11. Emergency harness release handle.
3. Gas powered inertia reel. 12. Time release mechanism
4. Seat height adjustment switch. trip rod.
5. Secondary ejection handle. 13. Time release mechanism.
6. Rocket motor firing lanyard. 14. Rocket motor firing
7. Rocket motor firing mechanism. mechanism cover.
8. Manifold nozzles. 15. Rocket nozzles protective
9. Leg restraint cord. cover.

Figure 9-10.Rocket assist ejection seat (Martin-Baker). (A) Right side.
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FLgure 9-10.Rocket assist ejection seat (Martin-Baker). (B) Left side.

285

i)

AM.146



AVIATION STHLIC PUPAL MECHANIC E 3 & 2

cockpit is dual, with two lines 'and initiators
being used. One line and initiator serves as a
backup should the other line become damaged or
the initiator fails. Through the use of time de-
layed initiators and actuators, the aft seat is
sequenced to eject first during a dual ejection.
A schematic of the sequencing system used in the
F-4J is provided in figure 9-11,

An eject command selector valve located in
the aft cockpit allon's the aft crewmember to
select and initiate either a single ejection (aft
seat only) or a dual ejection. With the valve
handle in the normal (closed) position, the aft
seat only will eject (single ejection) when
initiated by the aft crewmember. The valve is
in the normal position when the handle is verti-
cal and flush with the valve body. To select dual
ejection, the handle must be pulled out approxi-
mately 1 inch and turned clockwise 900(open
position), (See fig, 9-12 For open and closed
position.) A dual eject, will always occur
when initiated from the toev,ard cockpit regard-
less of valve position.

Operation of the emergency escape sequenc-
ing system consists of three modesforward
cockpit initiated (dual) ejection, aft cockpit
initiated dual ejection, and aft cockpit initiated
single ejection.

FORWARD COCKPIT INITIATED DUAL
EJECTION.Ejection is always dual when ini-
tiated from the forward cockpit (unless the aft
crewmemlwr has previ( rusly ejected), The dual
ejection sequence is initiated whenever the pilot
pulls either the face curtain handle or the fil.con-
dary ejection handle firing the forward mounted
initiator.

Gas pressure fr scat mounted 'initiator
is routed to the HU WS(' org system stowing the
aft cockpit equipmew al.; operating the forward
seat inertia reel, aft seat inertia reel, aft canopy
pressure operated valve (opening Howling doors
an(I jettisoning canopy), aft pressure operated
sequenee actuator (ejecting aft seat), fon mild
canopy pressure opemted valve (Jett Moiling for-
ward canopy), and forward pressure operated
sequence actuator (ejecting forward seat) (in
that order),

AFT COCKPIT INITIATED DUAL EJEC-
TION.The aft crewmember initiates a dual
ejection by opening the eject command selector
valve and pulling either the face curtain handle
or the secondary ejection handle, firing the seat
moruntd initiator. Gas pressure generated by
the Initiator Is routed to the sequencing system,
Which operates the aft seat inertia reel, aft
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canopy pressure ovrated valve (opening the
flooding doors and je'Aisoning the aft canopy),
cockpit equipment stowage system, forward seat
inertia reel, aft pressure operated sequence
-tuator (ejecting aft seat), forward canopy
-5.;ire operated valve (jettisoning forward

,r), and forward pressure operated se-
e actuator (ejecting forward seat) (in that
),

AFT COCKPIT INITIATED SINGLE EJEC-
TION,Single ejection occurs when the aft
cockpit crewmcmber pulls either the face cur-
tain handle or the secondary ejection handle with
the eject command selector valve in the normal
(closed) position. Gas pressure generated by
'he aft seat mounted initiator is routed to the
sequencing system, which operates the aft seat
inertia reel, cockpit equipment stowage sys-
tem, and aft canopy pressure operated valve
(opening the cockpit flooding doors and jetti-
s(Jning the aft canopy) (in that order). The crew-
mernlwr continues to pull the face curtain or
the secondary ejection handle to eject the aft
seat,

The forward crewmember may eject at any
time after ao aft cockpit single ejection by
pulling either the face curtain handle or the
secondary ejection handle, which will fire the
forward seat mounted initiator and cause seat
ejection.

lf, after ejection (dual or single), automatic
separation of seat and occupant does not Oc.clir
(IIIn to malfunction of the seat mechanism,
manual override of the seat mechanism by the
occupaut is necessary IS order to accomplish a
iafc para hute de:went, The emergency harness
release handle must be pulled which releases
all persoonel restraints and personnel parachute
restraints, and the occupant must then push free
of the seat and manually pull the parichute 1)-
ring,. (See fig, 9-13,)

EpWII011 81111111CP

Ejection is accomplished by initially
polling the seat from the aircraft with a hot
gas energized catapult gun with added thrust
Provided by an ignited solid propellant powered
rocket motor attached to the seat,

In addition to high sped/high altitude (lee-
the rocket thrust phase tmccssfully ac-

complishes eject ion at zero speed/zero altitude,
permitting occupant and seat to be catapulted
to a sufficient height, enabling full deployment
of the pa radon e before returning to ground level,
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NORMAL (CLOSED)

OPEN

AFT COCKPIT

AM.1179
Figure 9-12.Eject command selector valve.

Gas pressure created by the catapult gun
prirnary cartridge causes the inner and inter-
mediate barrels of the gun to extend upward.
Upward travel of the inner barrel actuates
the top latch mechanism, which unlocks the seat
from the catapult gun outer barrel. Continued
upward movement of the inner barrel propels the
seat up the tracks of the catapult gun and fires
the auxiliary cartridges as they become exposed
to the hot propellant gases within the gun.

Gas pressure generated by the auxiliary
cartridges add force to the gun during upward
travel. Staggered firing of thc catapult gun
cartridges furnishes relatively yen gas pres-
sure within the gun during the power stroke,

eliminating high acceleration forces during
ejection.

During upward travel of the seat, trip rods
pull the sears of the drogue gun and time release
mechanism. The drogue gun time sequence is
thereby initiated, and the time release mech-
anism now assumes an armed condition.

Subsequent actuation of the time release
mechanism will occur provided the altitude is
within safe limits for the seat occupant. Also,
during upward travel of the seat, a lanyard at-
tached to the rocket motor firing mechanism
and secured to the cockpit floor is unwound, and
when fully extended, pulls the sear of the rocket
motor firin, mechanism. Withdrawal of the sear
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MANUAL SEPARATION

SHOULD T141 TIM( 4/LIAM PAICHANISM FAIL TO OKRATI AUTO-
MATICALLY, TH/ OCCUPANT MANUALLY STPMATIS Imam THI
s/AT AND DIPLOYS THE KISONNIL PAIAACHUrt AS I OlLOWS

(A 'ANCY HARNISS
Tetw .1 9ANDLT

A OCCUPANT PULLS THI (M(RGINCY HAA,11. , IASI HANDLE

wHICH PRIAM TNT SHOULD(' HARMS eel ...04(1. PAT...-

0AM NI STRAIN/ STRAPS, LAP DIL TS, LtL.. T k INT COP DS

AND CAMS THI GUILLOTINI TO AM 0- soNNR PARA.

CHUTI WITHDRAWAL LINT.

B !HI OCCUP NT THIN PUSHIS 711101 ST CIII CLIPS
AND CLIP& OF STAT.

r WHIN f111 Of TIE SLAT, OCCUPANT PULLS TM 0 NINO IMPA

CHLITI RIPCORD) AND M.AKIS A NORMAL PAsAcHuTI Di%CONY

10 TM! GROUND,

Figure 9-13.Manual separation.

fires the igniter cartridge, causing simultaneous
ignition of the propellant within the rocket motor,
thus providing additional thrust to the seat ejec-
tion. (See fig. 9-14, view (A).)

Separation of the seat and inner barrel from
the gun occurs when the inner and intermediate
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barrels are fully extended in the outer barrel.
Upward seat travel after separation from the
catapult gun continues by momentum of the seat
mass.

Approximately three-fourths of a second
after initiation, the drogue gun fires anddeploys

3 0 o
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the drogue parachutes. (See fig. 9-14, view (B).)
The drogue parachutes are attached to the top of
the seat by the scissors mechanism and stabi-
lize the seat. If ejection occurs at high altitude,
seat descent is stabilized by the drogue para-
chutes until an altitude within safe limits for the
seat occupant is reached. At this altitude the time

release mechanism initiates a time delay se-
quence.

Approximately 2.25 seconds after initiation,
the time release mechanism actuates, releasing
tilt) drogue parachutes, leg restraints, shoulder
harness, lap belt, and personnel parachute
restraints from the seat. The withdrawal line of

W.

(A)

MT COCKPIT

(8)

II SOO

II SOO

AM,149
Figure 9-14.--High altitude dual ejection sequence.
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the personnel parachute, which is linked to the
drogue parachutes, is pulled when the drogue
parachutes are released from the seat.

The pull exerted by the drogue parachutes on
the withdrawal line deploys the personnel para-
chutes. Opening shock of the personnel parachute
separates the occupant from the seat and a nor-
mal parachute descent follows. (See fig. 9-14,
view (C).) Zero speed/zero altitude or lowlevel
ejection is basically the same as high altitude
ejection except for operation of the time release
mechanism.

Components

MAIN BEAM ASSEMBLY.The main beam
assembly is the main structure of the ejection
seat. This assembly, which is built to withstand
high g loads, supports all of the components of
the seat. It is composed of two vertical beams
bridged by three crossmembers. Each vertical
beam has three slippers located on the inner
side. These slippers engage tracks on the cata-
pult gun and are used to mount the seat on the
gun.

During ejection, the slippers slide in the
catapult gun tracks znd guide the seat up out of
the cockpit. Two seat bucket guide tracks on the
lower outboard side of each main beam provide a
mounting for the seat bucket. An inclined track
located on the lower outboard side of the left
vertical beam provides a mounting for the rocket
motor thrust angle adjustment mechanism arm.

CANOPY INTERLOCK MECHANISM.The
canopy interlock mechanism is mounted across
the top of the main beam assembly. This
mechanism is used to provide proper sequencing
between the canopy and ejection seat during
ejection and also transmits the force of the face
curtain handle or secdndary ejection handle to
the seat mounted initiator and catapult gun
firing mechanism.

A combined canopy interlock block and cata-
pult gun firing mechanism (interdictor) safety pin
assembly is installed in the interlock mechan-
ism. (See fig. 9-15.) The safety pin safeties the
catapult gun firing mechanism during aircraft
ground maintenance and remains installed during
flight to protect the mechanism from inadvertent
operation. The interlock block segment is con-
nected to the canopy by a cable and is pulled
from the seat interlock mechanism by the canopy
during the ejection sequence. The connecting
linkage pulls the safety pin from the catapult gun

firing mechanism. This block and various lever
arrangements within the interlock mechanism
prevent firing of the seat before the canopy
has been jettisoned from the aircraft.

TOP LATCH MECHANISM.The top latch
mechanism is located on the top left side of the
main beam assembly. The purpose of this
mechanism is to lock the ejection seat to the
aircraft. Locking action of the mechanism is
accomplished by a plunger that protrudes through
a hole in the catapult gun outer barrel. The top
latch mechanism is released during the ejection
sequence by the upward travel of the inner
barrel of the catapult gun.

Unlocking, during maintenance, is accom-
plished by installing a handwheel on the top latch
plunger and turning fully clockwise. When the
handwheel is removed, a locking indication is
given by the position of the plunger and indi-
cator within the mechanism housing. Proper
locking is indicated when the locking indicator,
plunger, and mechanism housing are flush with
each other. (See fig. 9-16.)

CATAPULT GUN.--The catapult gun is a
pyrotechnically operated device that provides the
force required to eject the seat from the aircraft.
It is located between the main beams of the ejec-
tion seat and is attached to the bulkhead of the
cockpit by two mounting lugs which are apart of
the outer barrel. The gun is attached to the seat
by the top latch mechanism, and the seat is
guided up the ejection gun rails by the seat slip-
pers mounted on the inside of the main beams.

The gun Is composed of four major assem-
bliesthe firing mechanism, the inner and
intermediate tubes, and the outer barrel. The
gun is equipped with three explosive cartridges;
a primary cartridge and two secondary cart-
ridges. All three cartridge chambers are com-
pletely sealed against water entry, thus enabling
underwater e,'ection should it become necessary.

The Intericiediate tube is open at both ends
and provides an extension stroke of the gun. At
its lower end is a piston with two sets of piston
rings (slx in each set) which bear against the
inside of the outer barrel, making a gastight seal.
Each set of piston rings has a spring type ring
expander beneath them to insure that they are in
full contact with the inner surface of the outer
barrel. During ejection, the intermediate tube
alignment is maintained by the top guide bushing
located in the top of the outer barrel. An inner
tube guide bushing is fitted inside the top of the
intermediate tube and is riveted to it. The guide
prevents removal of the inner tube from the
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Figure 9-I5.Canopy interlock mechanism.
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intermediate tube during maintenance. The rivet
in the guide is sheared during the ejection, and
the guide bushing is carried away with the in-
ner tube and the seat. The intermediate tube
remains with the aircraft after ejection, having
been extended its full stroke and then snubbed
to a stop by the action of 12 shock absorbing
gas filled snubber rings. The snubber rings
are compressed between the top guide bushing
and the intermediate tube piston as the inter-
mediate tube completes its stroke as shown in
figure 9-17. The 12 snubber rings are located
on the outer top of the intermediate tube as
shown in figure 9-17, sequence view A.

The inner tube is open at the bottom and
closed at the top by the firing mechanism and
the primary cartridge. The alignment of the
inner tube during its stroke is maintained by
the inner guide bushing and the inner tube
piston and piston ring assembly, consisting of
six piston rings and one ring expander. The six
rings bear against the inner wall of the inter-
mediate tube and form a gastight seal. The inner
tube contains an 0-ring directly beneath the
firing mechanism head fitting to prevent the
entrance of water to the catapult gun and making
it capable of underwater operation. The inner
tube is the only portion of the ejection gun that
remains with the seat during ejection.

The firing mechanism screws directly into
the top of the ejection gun inner tube (primary
cartridge breech) with its base seated flush
against the primary cartridge. The mechanism
contains a spring-loaded firing pin with its
upper portion slotted to receive a wedge shaped
(ramp like) sear. As the sear is pulled (or
pushed) from its slot in the firing pin, its broad
cam shank raises the firing pin against spring
compression. As the peak of the sear 'cam is
pulled from the firing pin, the spring drives the
firing pin hard against the percussion primer in
the primary cartridge to fire the cartridge and
initiate the ejection sequence as previously
covered.

A horseshoe type retainer ring is slipped
around the firing mechanism body on installa-
tion and is lockwired to both the firing mech-
anism and the inner tube. This ring retains the
inner tube to the ejection seat, preventing
collision between the seat occupant and the
inner tube during ejection. Several relief holes
are located through the lower body of the firing
mechanism to prevent hydraulic locking of the
firing pin in the event of underwater firing. A
dust cover is provided around the upper threaded

base of the firing mechanism to prevent entry of
foreign matter and dust into the firing body
through the relief holes.

A hole in the sear is used to receive a safety
pin which, when installed, prevents the sear from
being withdrawn from the firing pin slot.

294

a I

ROCKET MOTOR.The rocket motor is a
thrust-producing pressure vessel which pro-
vides a propulsion system for the rocket thrust
phase of the ejection sequence. The rocket motor
is located on the bottom of the seat bucket and
consists of a number of small diameter com-
bustion tubes, containing solid propellantl
screwed into a manifold containing nozzles.(See
fig. 9-10(A).) One of the combustion tubes is fit-
ted with a mechanical firing mechanism and ig-
niter cartridge.

As the ejection seat nears the end of the
catapult gun stroke, a lanyard attached to the
cockpit floor withdraws the sear from the firing
mechanism allowing the spring-loadedfiringpin
to descend and fire the igniter cartridge, caus-
ing simultaneous ignition of the propellant.

The static line dispenser is bolted under the
firing mechanism and is protected by a fiber-
glass boot. The static line is coiled in a helical
groo and held in position by four strips which
sheLr as the line is withdrawn. The line is re-
tained at the center of the dispenser plate by a
clip which leaves sufl:cient line for attachment
to the cockpit floor anchorage.

Two leg guards are mounted on the combus-
tion tubes to protect the occupant's legs from
the hot tubes after rocket burn-out.

A thrust angle adjustment mechanism arm
is located on the aft, left side of the rocket
motor. This arm engages in an inclined track
on the left vertical seat beam and provides a
pivoting action to the rocket motor, which ad-
justs nozzle angle to compensate for any change
in the seat-occupant center of gravity due to
raising or lowering of the seat bucket.

The service life of the rocket motor (MK 51)
is 72 months from the date of propellant manu-
facture. The nozzle protective cover is removed
and disposed of upon receipt of the rocket motor.
Its use in service is not required. NavAir pub-
lication, NavAir 11-85-1 describes rocket cata-
pults and motors used with ejection seats arid
provides information on the handling, stowage,
and use.

DROGUE GUN.The drogue gun is mounted
on the top, left side of the main beam assembly
and is used to deploy the drogue parachutes
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during the ejection sequence. The gun is pyro-
technically operated and is composed of a firing
body, barrel, and piston. During ejection, a trip
rod pulls a sear from the firing body, actuating
the drogue gun timing mechanism.

After the proper time delay has occurred,
the spring-loaded firing pin is released, firing
the drogue gun cartridge. Gas pressure gen-
erated by the cartridge propels the piston out of
the barrel. The piston, which is attached to the
drogue withdrawal line, pulls the drogue para-
chutes from the drogue container.

RELEASE MECHANISMThe time
release mechanism (fig. 9-10 (A)) is mounted
on the right beam of the main beam assembly.
It is used to releal:e ,)1, occupant from the seat
and deploy the pert, ,hnel parachute at a pre-
determined altitude during high altitude ejection
and to release the occupant from the seat and
deploy the personnel parachute during low level
eject ion approximately 2.25 seconds after initia-
tion.

During ejection, a trip rod pulls the sear
from the mechanism as the seat travels upward.
With the sear removed, the mechanism assumes
a ready position. Actuation of the mechanism is
then controlled by the barostat and time delay.
A spring-loaded plunger provides the mechanical
power required to actuate the parachute and
harness release mechanisms.

SCISSORS MECHANLSM.The scissors
mechanism is located on top of the seat upper
crossbeam. The scissors incorporate a movable
jaw which is normally locked in the closed posi-
tion and is released by actuation of the time
release mechanism. A shackle on the drogue
shroud lines is used to connect the drogue para-
chutes to the scissors mechanism.

DROGUE CONTAINER.The drogue con-
tainer is mounted on the upper portion of the
main beam assembly. The container is used to
provide stowage space for the two drogue para-
chutes and the face curtain. Channels on each
side of the container are used to protect and
provide a routing for the face curtain restraint
straps. The firing linkage for the face curtain
handle is located under these channels.Mounted
on the left side of the drogue container is the
guillotine knife blade assembly through which the
personnel parachute withdrawal line is routed.

DROGUE PARACHUTE ASSEMBLY.The
dthgue parachute assembly is used to deceler-
ate and stabilize the seat during ejection and to
deploy the personnel parachute after actuation
of the time release mechanism.

The assembly consists of a controller drogue
and a stabilizer drogue and is stowed in the
drogue container. Four canvas flaps are used to
secure the drogue parachutes in the container.
Upon firing of the drogue gun after ejection,
the drogue gun piston (attached to the controller
drogue by the drogue withdrawal line) pulls the
controller drogue from the container. The con-
troller drogue in turn deploys the stabilizer
drogue. The shroud line.s of the stabilizer
drogue are secured to the seat by the drogue
shackle and scissors mechanism.
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GUILLOTINE ASSEMBLY.The guillotine
assembly is a pyrotechnically operated device
that is manually actuated and is used to sever
the personnel parachute withdrawal line during
manual separation from the seat and during
crash rescue. The assembly consists of a
cartridge breech, firing mechanism, gas line,
and knife blade assembly.

Tho firing mechanism contains a simple
spring loaded firing pin operated by a sear.
The sear is attached to the emergency harness
release handle and is pulled from the firing
mechanism when the handle is rotated. The
personnel parachute withdrawal line passes
through a spring-loaded gate on the knife blade
assembly.

Under normal ejection conditions, the with-
drawal line is pulled from the knife blade
assembly when the drogue parachutes deploy
the personnel parachute. During manual sepa-
ration from the seat, gas pressure generated by
the guillotine cartridge forces the knife blade
assembly upward, severing the withdrawal line
and thereby releasing the personnel parachute
from the drogue parachutes. (See fig.9-18.)

The occupant may then push free from the
seat and pull the D-ring which deploys the per-
sonnel parachute for normal descent to the
ground.

In addition to firing the guillotine, the emer-
gency harness release handle releases the lap
belt, harness loop straps, leg restraint cords,
and personnel parachute restraint straps through
the emergency harness release linkage.

GAS POWERED INERTIA REEL.The gas
powered inertia reel is located between the
seat main vertical beams and approximately
level with the crewmember's shoulders. The
inertia reel has two functions to perform in
conjunction with the ejection seat.

The reel automatically locks the crewmem-
ber in the ejection seat when the crewmember

3 1 Z
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Figure 9-18.Guillotine operation.

is subjected to excessive forward longitudinal
or transverse accelerations, or combination
thereof, and automatically positions and re-
strains the crewmember in the ejection seat
during emergency escape.

The reel consists of two harness loop straps
wound on a spring-loaded drum, an inertia
mechanism that senses strap velocity, and a
power retraction device. The inertia reel locks
when the shoulder harness manual control handle
is placed in the lock (forward) position, when
excessive g forces are sensed, and when the gas
powered retraction device is actuated.

One type of reel can be max-wally unlocked
after inertia locking occurs by cycling the
shoulder harness manual control handle full
forward, then full aft. The other type reel can
be unlocked after inertia locking occurs by re-
lieving tension on the harness loop straps. The
gas powered retraction device can only be used
during emergency escape.

The crewmember is positioned in the seat
during ejection by the harness loop straps re-
tracting. A ballistic gas line and initiator are
mounted on the reel. When the seat is installed
in the :to ift, the male half of the ballistic gas
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line quick disconnect is mated with the female
half, located on the right-hand structural seat
rail.

SEAT BUCKET POSITIONINGACTUATOR.
The seat bucket positioning actuator is located
on the rear of the seat and is attached to the
seat bucket and main beam assembly. It is used
to adjust the bucket height according to the needs
of the occupant and is controlled by the seat
height -,l'ustment switch.

Th ctuator consists of an electric motor,
reduction gears, screwjack, and two limit
switches and has a total stroke of 6.0 inches.
The actuator is connected to the seat bucket with
a quick release pin that is used to release the
bucket from the actuator during seat bucket re-
moval.

SEAT BUCKET.The seat bucket makes up
the lower part of the seat assembly and provides
a mounting for the survival kit and rocket motor.
Linkage for the various actuating and release
mechanisms are also incorporated in the seat
bucket. The bucket is supported by the seat
framework through fo ir adjustable runners
mounted in the rear of the bucket. The runners
are a slide fit in guide tracks bolted to the outer
face of each main verhcal beam.

Several design features are incorporated
which permit the bucket to be removed from the
seat when required to provide access to various
components in the cockpit without removing the
entire seat assembly.

LEG RESTRAINT MECHANISM.Two iden-
tical leg restraint mechanisms are located on
the forward side of the seat bucket. (See fig.
9-10 (B).) The mechanism function is to draw
in and secnre the occupant's legs to the seat
during ejec, a. Each leg restraint mechanism
consists of a restraint cord, snubber unit, and
finger ring.

During flight, sufficient slack is left in each
cord to allow the occupant free leg movement.
This slack may be adjusted by the occupant pull-
ing out on the appropriate finger ring on the front
of the seat bucket. This allows more cord to be
pulled out to provide sufficient slack. Excessive
slack may be taken up by reaching under the
bucket and pulling the excess cord through the
snubber.

The leg restraint manual release handle
located on the left side of the seat bucket is
provided to release both restraint cord lockpins
from their receptacle. This allows the occupant
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to leave the seat without removing :alf
garters. The attach fittings on the rcraint
cords incorporate a she r rivet.

During ejection, the slack in each cora is
taken up by the upward movement of the seat.
This pulls the occupant's legs against the seat
and clear of obstructions. When all the s:ack
has been removed in the cords, the tension of
the cord will cause the rivet in each roller to
shear, separating the cords from the aircraft.

The occupant's legs are held secure during
ejection by the snubber units, which retaln the
cords. Upon operation of the time releaae mech-
anism, the leg restraint lockpins are released,
freeing the occupant's legs prIor to separation
from the seat.

PERSONNEL PARACHUTE.The personnel
parachute consists of a large diameter main
canopy and a small pilot chute and shoulder
harness riser assembly. The paraChute is packed
into a horseshoe shaped, hardshell container
mounted on a central support bolted to the seat.

The container is secured by two restraining
straps which run from the seat haruess lock
mechanism to attaching points on each side of
the drogue parachute container, and by two cords
on the bottom of the container which connect to
the survival kit sticker clip straps.

A parachute pack opening spring is mounted
on each side of the seat between the parachute
container and support. During ejection, when
the restraining straps are released, the springs
push the top of the parachute container forward
for positive deployment.

The shoulder harness riser assembly per-
forms a dual purpose. During flight, it secures
the occupant in the seat by means of two attach-
ment rollers at shoulder level through which
the seat harness loop straps are threaded. Dur-
ing ejection, it retains the occupant in the seat
until parachute deployment and then is utilized
as the parachute harness by means of two at-
tachment fittings connected to the occupant's
integrated harness.

Cartridges

The catapult gun primary and auxiliary
cartridges and the drogue gun cartridge are
handled as sets. The set of four cartridges is
p. kaged in a tin can. (See fig. 9-19.) The out-
side of the can is not color coded for the
Martin-Baker cartridge sets manufactured after
December 1967. Earlier sets were color coded
brown. The inside is lined with a strip of sheet
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Figure 9-19.Cartridge set.

plastic. The two flat secondary catapult cart-
ridges are placed on a sponge rubber pad at the
bottom of the can, one above the other, sepa-
rated by a plastic disc. Primary and drogue gun
cartridges are inserted in holes in a plastic disc
suspended vertically above the secondary cata-
pult cartridges, surrounded by a corrugated
plastic collar.

A rubber disc under the lid seals the can
when the notched rim of the cover is clamped
over a rounded lip at the top edge of the can .
channeled tin band surrounds the lid and the
top edge of the can.

A white label with black ink printing, loL'ated
on the outside of the container, provides -laa
which identifies the federal stock number, con-
tents, type escape system, the quantity and
drawing number of the cartridges, the LOT
number, and the MBA (assembly) date (month-
year). The guillotine and rocket motor igniter
cartridges are ordered separately when needed.

WARNING: Because of their explosive na-
ture, extreme care must be taken when handling
the ejection seat cartridges. The catapult gun
primary, drogue gun, and guillotine cartridges
must be removed before seat removal and in-
stalled only after the seat has been reinstalled
in the aircraft. Also, the guillotine cartridge
must be removed before seat bucket removal and
installed only after the bucket has been rein-
stalled In the aircraft, and the rocket motor
igniter lanyard must be disconnected from t!-p
cockpit floor before seat bucket removal.
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IDENTIFICATION.The primary, drogue,
and guillotine cartridges are percussion type
and have a primer on the cap end of the car-
tridge. They have identifying marks on the cap
end of the cartridge case. The secondary car-
tridges are disc shaped and are flame ignited.
Their identifying marks are printed inblack type
on the face of the cartridge. The code number
for the rocket motor igniter cartridge is
MBEU2250RU.

HANDLING.It is of the utmost importance
alit explosive components of seats be handled
in accordance with approved safety practices
and common sense.

If a cartridge is removed from a cartridge-
actuated device for inspection or safety reasons,
it should be marked for identification in accord-
ance with NavAir publication, NavAir 11-100-1,
so that it can be reinstalled in the same device
from which it was removed. Cartridges are de-
signed to perform specific functions and several
quite different cartridges may all be about the
same size. An underpowered cartridge inad-
vertently Installed will probably not do the job
for which the device was designed and an over-
powered cartridge may blow up and destroy the
deviceeither of which may cause an ejectee to
sustain serious or fatal injuries.

A cartridge which has no identification
marks, or which has obscure or indefinite Iden-
tification marks, should not be installed in any
cartridge-actuated device. Cartridges shouldbe
handled as little as practicable to minimize risk
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of fire, explosion, and damage from accidental
causes. A deformed or dented cartridge might
not fit properly in the equirmia for which it was
designed; therefore, in hail mg cartridges and
cartridge-actuated devices, special care should
be taken to prevent theni from being struck or
dropped.

The publication, Nav Air 11-100-1, Car-
tridges and Cartridge-Actuated Devices For
Aircraft and Associated Equipment, contains
all essential handling precautions for all types
of cartridges and cartridge-actuated equipment.
This publication is the final authority on all
matters relating to descriptions, nomenclature,
handling instructions, and service life liinita-
tions on the subject material.

AGE LIMITATIONS.Explosives are subject
to age deterioration. This deterioration is
hastened in an overly warm environment. Car-
tridges in containers should be stored in a cool
dry place where they can be readily inspected.

The cartridges in the Marin-Baker seat are
subject to a maximum life of 5 years from the
date of manufacture. The only way a cartridge
can remain usable for the full 5 years is to
leave it in the hermetically sealed containerfor
2 1/2 years or more before installation in an
aircraft.

Whenever a Martin-Baker cartridge is in-
stalled in an aircraft, it is subject to two
limitations on its useful life: (1) It cannot re-
main in,-*alled past the date which is 5 years
past its date of manufacture; and (2) it cannot
remain installed beyond 2 1/2 years after open-
ing the factory-sealed container in which it was
shipped. For this reason it is Important thatthe
hermetically sealed container not be opened until
the cartridge set is needed. Furthermore, when
the container is first opened, every cartridge
contained in it (whether to be installed then or
not) should immediately be indelibly marked with
the date of the expiration of its useful life (de-
termined by the 5 years from the date of manu-
facture OR 2 1/2 years from the date of opening
of the container, whichever is earlier).

There are several terms currently used
which are intended to refer to the lives of these
cartridges. "Service life" refers to the time
interval between the date of manufacture andthe
time the cartridge or set must be removed from
the storage shelf or the aircraft and disposed of.
This naturally varies from 2 1/2 to 5 years.
"Shelf life" refers to tim 21,11e a cartridge set
can remain unopened on L,ie shelf in storage
ready for use. The maximum is 5 years. "In-
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stalled life" refers to the period of time that
begins to pass on the date the container is
opened. The maximum is 2 1/2 years.

Is,laintenance

Ejection seats and associated components are
carefully designed, manufactured, and tested to
insure dependable operation within established

Such equipment must function perfectly
the first time it requires use. Malfunction or
failure to operate when needed, usually results
in severe injury or death to the pilot and crew-
members. Utmost care must be observed in
maintaining escape system equipment inperfect
condition.

Proper handling and strict conformance to
the step-by-step maintenance procedures pre-
sented in the Maintenance Instructions Manual
and the applicable Maintenance Requirements
Cards are mandatory and cannot be overem-
phasized. Many of the steps will seem repeti-
tious, however, they are necessary to insure
correct tolerances, rigging, installation, etc.

NOTE: The information presented in this
manual must not be used in place of the informa-
tion provided in the applicable Maintenance
Instructions Manual. The information provided
in this section includes only general coverage
on the types of maintenance checks and depth of
maintenance allowed at the Organizational level
of maintenance. Reproducing the complete step-
by-step procedures provided in the MIM would be
impractical and soon outdated.

Organizational maintenance of the rocket
assist ejection system of the F-4 is limited to
checking operation of the seat bucket position-
ing actuator, arming and dearming, and removal
and installation of the seat, seat bucket, catapult
gun, personnel parachute, and the lumbar pad.

Checkout procedures are provided for use
during the accomplishment of periodic inspec-
tions or for performing trouble analysis. The
items to be checked and the frequency for con-
ducting these checks are established by the
Periodic Maintenance Requirements Manual (be-
ing replaced by Periodic Maintenance Informa-
tion Cards).

Maintenance of each type of ejection seat
requires special tools and techniques. Reference
to the appropriate Mai or Maintenance Require-
ment Card deck will, in most cases, provide all
the information needed to properly maintain the
seat system and components.
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EJECTION SEAT SAFETY PR ECAUTIONS.
The Martin-Baker ejection seat has several
inherently dangerous features which are a defi-
nite hazard to uninformed and/or careless per-
sonnel and that should be covered prior to
performing any maintenance. Whenever the air-
craft is on the ground, all safety pins must be
installed as shown in figure 9-20 and not re-
moved until the aircraft is ready for flight.
Caution must be observed at all times during
maintenance of and around the seat(s) to avoid
injury and equipment damage by explosive de-
vices of the seat. Safety precautions and correct
procedures cannot be overemphasized.

Personnel must at all times observe all
safety regulations. Keep all cartridges away
from live circuits and under no circumstances
should any person reach within or enter an
enclosure for the purpose of servicing or ad-
justing equipment without the immediate pres-
ence or assistance of another person capable of
rendering a id.

When removing cartridges for inspection or
safety reasons, they must be marked for iden-
tification so they can be reinstalled in the same
device from which removed; and under no cir-
cumstances should an unmarked or unidentified
cartridge be installed in any cartridge-actuated
dev ice.

Cartridges should be handled as little as
practicable to minimize risk of fire, explosion,
and damage from accidental causes, and all
safety devices must be kept in good order and
used only as designated.

Cartridges must be stored where they will
not be exposed to direct rays of the sun, and
be protected from extremely high temperatures;
and when in containers, they must be stored in a
cool, dry place where they can be readily in-
spected.

The seat must always be disarmed before
removal from the aircraft or firing of the seat
may occur. While handling percussion fired
cartridges, extreme caution must be exercised
not to drop cartridges as they can fire upon
impact.

The rocket motor and firing mechanism lo-
cated under the seat bucket presents a hazard
similar to the catapult and drogue gun car-
tridges. Extreme caution must be exercised
when performing any function in the vicinity of
the rocket motor such as: pulling the ground
safety pin or adjusting the leg restraint cords.
Lowering the seat on a foreign object or yanking
on a tangled leg restrain cord could withdraw the

firing mechanism sear and cause inadvertent
firing of the rocket.

No portion of the body should be over the top
of ihe drogue gun when performing maintenance
as ac c idental firing would almost certainly cause
injury.

Foreign objects brought into the cockpit by
ci ewmembers or maintenance personnel, such
as flashlights, tools, etc., represent a real safety
hazard. Foreign objects can lodge in critical
mechanisms such as the firing mechanism of the
rocket and cause actuation or malfunction.
Utilizing the inventory list for their toolbox,
maintenance personnel must conduct a personal
inventory for all items brought into the cockpit
during maintenance before leaving the job.

SEAT BUCKET POSITIONING CHECK. This
check is performed to verify that the seat bucket
moves freely with no binding or drag and auto-
matically stops when the full up or down limit is
reached, that the bucket stops and locks in any
desired position when the seat switch is re-
leased, that the guillotine gas lines flex outboard
with adequate clearance, that electrical leads to
the seat actuator do not stretch when the seat
moves throughout its full range of travel, and
that there is adequate clearance between the
rocket motor and the cockpit structure.

The check is performed while sitting in the
seat to apply necessary weight on the seat bucket.
The actuator motor has a duty cycle limit of
not more than 30 seconds operating time allowed
within a 10-minute period. Operating the actua-
tor excessively could damage it due to over-
heating.

SEAT DEARMING AND ARMING.Seat de-
arming for purposes of removal and installation
of the ejection seat or to accommodate the per-
forming of maintenance consists of removing the
catapult gun firing mechanism for removal of the
primary cartridge, removal of the drogue gun
cartridge, disconnecting of the emergency re-
lease handle link from the guillotine firing mech-
anism (safety pin installed), disabling of the
rocket motor firing mechanism, disconnecting
of the seat-mounted initiator firing links, and
disconnecting and en-Ting of the canopy initiator
lines from seat an. alkhead mounted initiators.

Preparation for dearming includes opening
the canopy, installing the safety struts, and in-
suring that all pins of the ground safety pin as-
sembly are properly installed, and that the
secondary firing handle guard is in the UPposi-
tion as illustrated in figure 9-20.
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Figure 9-20.Ground safety pin assembly.
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CATAPULT GUN DEARMING.Figure 9-21
illustrates the firing mechanism and primary
cartridge removal steps. With the catapult gun
firing mechanism (interdiction) safety pir in-
stalled in the sear mechanism, push forward on
the sear and disconnect the banana links (fig.
9-21, view A). The canopy interlock block will

CANOPY

CABLE

CANOPY INTERLOCK BLOCK
AND CATAPULT GUN FIRING
MECHANISM (INTERDSCTOR)

SAFETY PIN ASSEMBLY

BANANA
UNKS

SEAR

(A)

TORQUE WRENCH
ADAPTER

INNER
BARREL
RETAINER

pop out of the interlock mechanism when the links
are disconnected and care must be exercisednot
to inadvertently allow the interdictor safety pin
to be pulled.

Next, carefully remove the interdictor safety
pin and wind several turns of lockwire on the
sear through the safety pin hole as shown in

LOCKWIRE
PRimARY

CARTRIDGE
BREECH (REF)

YARD LOCKWIRE
THROUGH SAFETY

PIN HOLE

CATAPIALT GUN
FIRING

mECHANISC SOOT
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Figure 9-21.Catapult gun dearming.
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figure 9-21, view B. This will prevent withdrawal
of the sear during the removal of the firing
mechanism.

Cut and remove the lockwire from the firing
mechanism body, the inner barrel retainer, and
the primary :atridgc .)reech, When removing
the lockwire and the lea1 seals on ejection seat
devices, do not break the wire by bending back
and forth as this can cause material damage
such as enlarged or cracked lockwire holes.

Use the torque wrench adapter and a flexible
hinged breaker handle to remove the firing
mechanism by turning counterclockwise. (See
fig. 9-21, view C).

The cartridge is removed from its breech
using the extractor tool as shown in figure 9-21,

view D.
NOTE: The extractor tool is essentially a

suction cup with a handle. Raise the cartridge
up from its seat only far enough to secure a
handhold on it. This will el iminate the possibility
of the cartridge falling off the tool if it is com-
pletely withdrawn with the tool. The primary
cartridge is a percussion type and can fire on
impact if dropped or accidentally hit against a
sharp object. Handle the cartridge carefully
and immediately place it in a cartridge block.
Record the seat position (forward or aft cockpit)
and the aircraft bureau number on the cartridge
block data card then place the block in a suitable
container for storage.

Place the firing mechanism fingertight in the
breech of the inner barrel to prevent contamina-
tion of the gun and rotate the banana links for-
ward. Closing the canopy with the banana links
rotated aft will damage the links and the canopy.

Drogue Gun Dearming.Figure 9-22 illus-

trates the removal of the drogue gun car-
tridge. The withdrawal line is removed from
the drogue gun barrel and the bolt reinserted in
the withdrawal shackle. Cut and remove the lock-
wire and lead seal from the firing body and
barrel, and loosen and remove the barrel from
the body, being careful that the cartridge does
not accidentally drop out of the barrel. Remove
the cartridge, using the removal tool shown in
figure 9-22 and place it in the cartridge block.
If the cartridge cannot be removed with the
extractor tool, replace the barrel and the
cartridge, DO NOT attempt to dislodge the
cartridge by hammering on the pistom or using
a punch rod. Record the appropriate data in the
same manner as was required for the catapult
primary cartridge and place in the container for
storage:Reinstall the barrel fingertight into the
f iring body.

Disabling the Rocket Motor Firing Mecha-
nism.Disabling of the rocket motor firing
mechanism consists of the following steps:

1. Remove the right leg guard forward of
the firing mechanism to gain easier access to
the mechanism and the firing lanyard.

2. Using a sear withdrawal tool, carefully
install the special safety pin, then disconnect
the firing lanyard from the firing mechanism
sear and the cockpit floor attach fitting. (See
fig. 9-10 (A).) When dearming is completed a
dearming tag is affixed to the face curtain
handle.

Arming the Catapult Gun.Arming of the
catapult gun is essentially a reversal of the
dearming procedure, When the seat has been
removed for calendar inspection, all seat func-
tional checks must be completed and signed off
on the appropriate maintenance data collection
forms prior to arming.

The cavity of the catapult gun is checked for
cleanliness prior to inserting the primary car-
tridge. Any water, oil, or other debris that may
be present in the gun must be removed as such
materials can seriously reduce the catapult gun
forces, which are critical during the ejection
sequence.

Check the information on the cartridge block
data card to insure that the original cartridge
location is maintained and insert the cartridge.

The firing mechanism sear is safetied as
shown in figure 9-21, view B, and the firing pin
must not protrude from the bottom of the firing
mechanism.

Prussian blue marking dye is applied to the
bottom of the firing mechanism and the mechan-
ism is installed in the gun breech and tightened
to the torque specified in the Maintenance In-
structions Manual and the Maintenance Require-
ments Cards. Index marks are penciled on the
large hex nut and inner tube and then the firing
mechanism is removed (counting the number of
full turns required) to check for transfer of the
blue dye to the top of the primary cartridge.
Transfer of the blue dye to the cartridge top
indicates proper seating of the firing mechanism
against the cartridge. If dye transfer does not
occur the cause must be determined and cor-
rected.

The dye is then removed from the cartridge
and the firing mechanism and the cartridge and
firing mechanism reinstalled and torqued. The
number of turns and previous alignment marks
should correspond to those established on the
previous torquing.
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Figure 9-22.Drogue gun cartridge removal.

A Quality Assurance Representative will
lockwire and affix a lead seal on the lockwire of
the installed firing mechanism as shown in figure
9-21, view B, prior to the banana links and
canopy interlock mechanism being replaced.

The lockwire insures that the components
remain secure against vibration, and the lead
seal is to indicate that the device to which it is
affixed has been inspected and is in a ready-for-

flight condition. The lead seal further IdentLfies
which activity and what personnel inspected and
approved a devices condition for operational use.

Arming the Drogue Gun.Remove the bar-
rel from the gun and insure that the special
pin (fig. 9-22) is properly installed in the barrel
and piston. Insure that the drogue gun is cocked
and the sear and ground safety pin are installed
in the firing body. The cocking indicator for the
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drogue gun is illustrated in figure 9-22, detail B.
Insert the correct cartridge into the drogue gun
barrel. Insure that the firing pin is not pro-
truding above the bottom surface of the cartridge
chamber, then carefully screw the barrel into the
firing body and tighten to the specified torque.

NOTE: If a new drogue gun firing body or
barrel is being installed, pretorquing of the gun
barrel into the body with a dummy cartridge
installed in lieu of a regular cartridge must be
accomplished as specified in the applicable
Maintenance Instructions Manual.

The Quality Assurance Representative will
lockwire the barrel to the firing body and affix
a lead seal prior to reconnecting of the with-
drawal line shackle to the drogue gun rIston.

Arming of the seat is complete following
reconnecting of the guillotine release handle to
the sear, reconnecting of the rocket motor firing
lanyard, reconnecting of the canopy initiator
lines to the seat and bulkhead mounted initiators,
and reconnecting of the seat mounted initiator
f iring link.

The complete dearming and arming sequence
must be accomplished in accordance with the
applicable Maintenance Requirements Cards or
the Maintenance Instructions Manual procedures
EVERY time.

GUILLOTINE CARTRIDGE REMOVAL AND
INSTALLATION.Although removal of the guil-
lotine cartridge is not a part of the dearming
procedure for the Martin-Baker H-7 seat its
removal is a step of the seat removal proce-
dure covered in the Maintenance Instructions
Manual. Figure 9-23 illustrates the steps of the
cartridge removal and installation.

Removal of the guillotine cartridge is initi-
ated by cutting and removing the lockwire and
lead seal between the firing mechanism and the
guillotine body. The sear was disconnected from
the emergency harness release handle as a step
of the dearming sequence. Remove the sear
safety pin and insert several turns of lockwire
through the safety pin hole as shown in figure
9-23, view E.

Unscrew the firing mechanism and remove it
and the cartridge from the housing. If the car-
tridge does not come out with the firing mech-
anism, push the extractor tool illustrated in
view B over the cartridge and withdraw it from
the housing. If the cartridge is jammed in the
housing, it can generally be broken free by mov-
ing the extractor back and forth. Should jamming
of the cartridge occur, it must be replaced and
the old rtrici- cnosed of in accordance with

306

2 2

ordnance procedures for disposal of unservice-
able ammunition. The AME turns the unservice-
able cartridge over to the Armament work center
for disposal.

If the cartridge is to be reinstalled (depend-
ing on serv ice life expiration dat e and condition),
it is stored in the same manner as was described
for the catapult and drogue gun cartridges.

The firing mechanism is reinstalled in the
housing fingertight to prevent contamination of
the assembly and connecting lines.

Reinstalling the GuillotineCartridge.Prior
to installing a cartridge in the guillotine
firing mechanism, insure that the sear is
lockwired and that the firing pin does not
protrude from the base.

Temporarily insert the cartridge into the fir-
ing mechanism and check the cartridge flange
for out-of-round distortion by using a microm-
eter as shown in figure 9-23, view F. Rotate the
cartridge a complete turn. The flange should not
bind on the micrometer at any point. If it does,
replace it.

Prussian blue marking dye is used as illus-
trated in figure 9-23, views C and G, to insure
that the cartridge makes proper contact with both
the firing mechanism and the bottom of the
hous ing.

The measurement between the top of the
cartridge and the top of the housing is obtained
as shown in figure 9-23, view D. The cartridge
is inserted into the housing using the extractor
tool shown in view B. The extractor plunger is
pushed to release the cartridge from the ex-
tractor.

Once it is established that the cartridge will
properly seat in the housing, the prussian blue
dye is removed from the cartridge andthe hous-
ing, and the cartridge is reinstalled in the hous-
ing. The measurement between the top of the
cartridge and the housing is rechecked and should
be the same as the previous measurement.

Next, prussian blue dye is again applied to
the base of the firing mechanism and the mech-
anism is installed in the housing (cartridge is
installed in the housing) and tightened to the
torque specified in the Maintenance Instructions
Manual.

Scribe marks are placed on the hex nut of the
firing mechanism and the housing (fig. 9-23,
view E) and the firing mechanism is removed.
The number of full turns required for removal
is counted and recorded to be referred to in a
later step.
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Figure 9-23,1Gui11otine cartridge removal and installation.
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The top of the cartridge is again checked for
transfer of the prussian blue dye. If transfer
has occurred the dye is removed and the car-
tridge and firing mechanism reinstalled in the
housing. Count the number of turns required for
tightening to the specified torque. The number of
turns required should correspond to those pre-
viously recorded and the scribe marks should be
aligned to indicate proper assembly.

The Quality Assurance Representative will
lockwire and affix a lead seal to the device as
shown in figure 9-23, view A. The lockwire is
then removed from the safety pin hole of the sear
and the standard safety pin installed.

REMOVAL AND INSTALLATION (MARTIN-
BAKER).Three men are generally required to
remove and install a Martin-Baker seat using
either hoist or manual methods.

WARNING: Seat removal should never be
attempted until the seat has been properly de-
ar med.

Before beginning removal of the seal, all
equipment required should be readily accessible
and in good working order. The middle of the job
is no time to have to stop and perform equipment
maintena. ce. Such equipment includes: a hoisting
sling; a maintenance cradle to place the re-
moved seat !n; an overhead hoist (crane or chain-
fall) to do the actual seat lifting (minimum
capacity, 500 pounds); an alignment fixture which
is used to extend the Martin-Baker rails so that
the seat will remain aligned after the seat slip-.
pers clear that portion of the rails which is at-
tached to the aircraft; and the necessary tools
to disconnect miscellaneous rods, cable, and
straps from the aircraft.

Disconnect the lower block of the personnel
services disconnect, leg restraint cords, time
release mechanism and drogue gun trip rods,
gas lines, electrical connections, and all other
seat-to-aircraft connections in accordance with
the instructions provided in the Maintenance In-
structions Manual. Retract the top latch mech-
anism by installing the handwheel and turning it
full clockwise.

On aircraft equipped with classified equip-
ment destruct systems which are actuatedby the
ejection seat leaving the aircraft, failure to tie
the IFF switch down before removing the seat
may result in destruction of expensive equip-
ment. Also, on all aircraft, the Identification
Friend or Foe (IFF) switch must be held in the
DOWN position when the seat is removed or the
emergency signal will be transmitted whenever
electrical power is applied to the aircraft.

Attach the hoisting bar and the hoist to the
seat and slowly raise the hoist until the recom-
mended maximum upward tension is registered
on the hoisting sling safety scale. A sharp shake
or pull on the seat should then break any friction
holding the seat in place. If the seat does not
start to rise, review the previous steps in the
prescribed procedure to insure that the seat is
free to rise.

If the seat utilizes an alignment fixture, it
is installed prior to lifting the seat free of the
aircraft. When the seat (and alignment fixture,
if used) is lifted clear of the aircraft the seat
assembly must be steadied to prevent oscilla-
tions which could result in collision damage or
injury to personnel if the seat struck the air-
craft or persons.

When the unit is safely clear of the aircraft,
transfer it to the maintenance cradle and re-
move the hoisting sling and attached lifting de-
vice. The removed seat should be tagged with
the Bureau Number of the aircraft from which
removed and its position in the aircraft (pilot,
copilot, bombardier/navigator, etc.).

Prior to installing or reinstalling an ejection
seat in an aircraft, various checks of seat and
aircraft condition should be made. The following
is a typical list which may vary between seat
types and aircraft:

Check the lower disconnect block or blocks,
cables, and hoses, for signs of corrosion, fray-
ing, and wear, and for general security of all
fittings and attaching parts.

Check electrical quick-disconnect plugs and
cable assemblies for signs of corrosion, chaf-
ing, and for general security of all fittings and
attaching parts.

Check the ejection gun attaching parts for
signs of corrosion and wear, proper lockwiring,
and security of all attachment points.

Check the cockpit deck area below the seat
for signs of corrosion and general cleanliness.

Operate seat tilt and/or seat height adjust-
ment mechanisms through the full range of move-
ment to check for clearance and operation.

Before starting the actual installation pro-
cedure, check to see that the seat is disarmed
and that the necessary shipping pins are in-
stalled. Check for proper alignment of all slip-
pers and locating pins so that these seat fixtures
will not have to be adjusted while the seat is
hoisted. Attach the hoisting sling to the attach
points on the seat and position the hoist directly
over the seat. Mate the sling eye with the hoist-
ing hook and lift the seat clear of its support.
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Following specific instructions in the appro-
priate Maintenance Instructions Manual install
the seat in the aircraft.

NOTE: Martin-Baker seats must be in-
stalled on their mated ejection guns (catapult
tubes). On some other seats the catapult tubes
are completely interchangeable between seats
and aircraft. Be sure the aircraft manufac-
turer's recommendations are followed exactly
with respect to interchangeability.

When the seat is in place, it must be seured
to the catapult gun inner tube and, in the case of
Martin-Baker seats, also secured to the outer
tube by the top latch mechanism. See figure
9-16 for proper locking. The LS-1 and the
ESCAPAC rocket catapults employ an internal
locking device so that when the seat is made fast
to the inner tube it is also fixed with respect to
the outer tube.

After making certain that the seat is bot-
tomed and properly secured in the aircraft, all
disconnect blocks, triprods, cables, and straps
must be reconnected. As the seat is armed each
safety device should be installed immediately.
Reactivate the IFF switch.

Lap belt and shoulder harness maintenance
is another important area of the AME rating.
Anchoring of safety belts and harnesses vary
with different type aircraft. Regardless of the
aircraft type there are a few simple principles
that can be applied to the installation of all
safety harnesses. Some texts refer to the entire
arrangement (safety belt and shoulder harness)
as being the safety harness, while others mean
only the shoulder harness.

Whenever following installation directions,
it is imperative that they be followed exactly.
The belt and shoulder harness have been designed
to withstand stresses which are beyond human
tolerance. However, if the strength of the anchor-
ing points do not measure up to the tensile
strengths of the belts and harness the dependa-
bility of the entire assembly can be lost.

General installation rules are as follows:
1. On ejection seats, insure that retaining

pins or sticker clips, as applicable, are properly
connected to the harness and/or seat. On other
than ejection seats, use only steel nuts and bolts.
Use only stop nuts, or the castellated type,
which require a cotter pin through the bolt and
castellation of the nut to prevent loosening.

NOTE: Apply nuts, especially those requir-
ing cotter pins, in such a way that they will not
catch on the parachute or clothing.

2. Wherever possible belts and harness
should be installed in a manner that avoids all
chafing against the seat or adjacent aircraft
structure. Certain designs make this impossible,
and when such is the case, make certain the
webbings being carried in a new direction are
placed over the top of a strong structural mem-
ber, whether it be on the seat or some other part.
The structural member acting as a guide must
be smooth.

3. The installation must not interfere with
other equipment and the escape procedures out-
lined for a specific aircraft. In no way must the
path of an ejection seat be obstructed.

4. Not all seats in aircraft face forward.
Therefore, in order to establish the correct
relationship, left sides of belts and shoulder
harness are installed on the left side of the seat
as viewed from its rear.

5. All belts incorporating manual release
latches are installed with the latches on the left
side so that they can be released with the right
hand.

6. The hardware used in the assemblies must
be so designed as to prevent the webbing from
abrading and fraying. Any filing of rough edges
must be accompanied by a plating process to
prevent rust.

FUNCTIONAL SEAT CHECKS.Ejection
seats removed from the aircraft as apart of the
calendar inspection requirements must undergo
a variety of functional checks as specified in the
Maintenance Requirements Card deck.

In depth testing of the catapult gun firing
mechanism, the time release mechanism, the
drogue gun, and a complete ejection seat mech..-
anism operational check requires that the seat
be transported to a specially equipped seat shop.
Such shops are normally equipped with seat
mounting fixtures which allow the seat to be
maneuvered so that various sections of the seat
are more easily worked on.

The functional checks required by the Main-
tenance Requirements Cards for the F-4 (Mar-
tin-Baker H-7) ejection seat are discussed in
this section in the order in which they appear
in the MRC deck.

Catapult gun Maintenance.Figure 9-24
illustrates the disassembly a the catapult gun.
The outer barrel of the gun is supported in
a vise with gun clamp blocks during disassembly
and assembly.

The auxiliary cartridges are removed by
cutting the lockwire and removing the cartridge
chamber caps using a torque wrench adapter
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Figure 9-24.Catapuh gun.
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and a hinged breaker handle. Discard the water
seals. Pull the cartridges with an extractor tool
similar to the one used in removingthe primary
gun caftridge (fig. 9-21). The cartridge expira-
tion dates are cheAed and recorded for verifi-
cation against the logbook entry, then turned over
to ordnance personnel for stowage until needed
in the reassembly of the gun. The chamber caps
are reinstalled fingertight to prevent contamina-
tion.

Remove the dowel screw (item 5) and the
firing mechanism from the gun. Partially with-
draw the inner tube from the intermediate tube
approximately 6-8 inches to accommodate re-
moval of the top guide bushing (6) using the
spanner wrench as illustrated in figure 9-24,
views B and C. It is now possiole to remove the
inner and intermediate tubes from the outer
tube.

The inner and intermediate tubes are held
together by an inner tube guide bushing and a
shear rivet. The inner and intermediate tubes
should not be separated and care must be exer-
cised to prevent shearing of the rivet during
remaining maintenance steps on the gun.

The gun parts are cleaned with P-D-680
solvent and blown dry using clean, low-pressure
air. The tubes are inspected for freedom of
movement within each other and for corrosion.
All other parts are checked for corrosion, thread
condition, deformation, cracks, wear, and gen-.
eral condition. Note that the 12 compression
rings are located at the top (outer) portion of the
intermediate tube.

Check the inner bottom of the outer barrel
for accumulated oil deposits and remove any
accumulation. Replace any defective parts then
commence reassembly.

A thin coating of oil is applied to the tele-
scoping tubes. New water seals are required
throughout the assembly and they are lubricated
lightly with grease (MIL-G-21164). Thetwo sets
of piston rings at the bottom of the intermediate
tube must be installed in the ring grooves with
their end gaps evenly staggered to provide ef-
fective sealing. Insure that the ring expander is
installed prior to installation of the rings.

The inner and intermediate tubes are in-
serted into the outer barrel leaving about 6-8
inches extended to accommodate further re-
assembly. Manually push the top guide bushing
and the interrnediate tube in until it bottoms, and
tighten the top guide bushing with the spanner
wrench until the dowel screw hole in the guide
lines up with the )1e in the outer tube. Install

the dowel screw and center punch the edge to
lock it in place.

Push the inner tube into the intermediate
tube until it bottoms, and align the beam locating
pin slot with the top latch plunger opening as
shown in figure 9-24, vic vv. A.

Draw the auxiliary cartridges from the
weapons work center and insure that they are the
correct ones for that seat and aircraft so that
the original cartridge location is maintained.
Remove the chamber caps and instal] the new
water seals, then the cartridges, so that the
igniter holes face inward. The chamber caps can
not be installed if the cartridges are in back-
wards. Make sure that the plastic shipping discs
have been removed from the cartridges. Iristall
the chamber caps and tighten to the specified
torque. Quality Assurance will lockwire each cap
and affix a lead seal.

CATAPULT GUN FIRING MECHANISM
CHECK.Tnspect the firing mechanism for cor-
rosion, cleanliness, and condition of the threads.
Place the mechanism in a vise as shown in figure
9-25. Lift the firing pin, using the firingpin ex-
tra,-itor tool, and remove the sear. Check for
bindLng or restriction when withdrawingthe sear
or moving the firing pin.

Witr1 the sear removed, firingpinspringten-
sion is checked by attaching a spring scale (0-25
pound range) to the extractor tool and checking
that ihe firing pin_doos not start to move until .-..
load of 7.t least 8 pounds is applied. If tension is
uelow the required amount, replacement parts
are available to restore the mechanism to an
acceptable condition.

With the firing pin protruding from the base
of the firing mechanism, check the pin protru-
sion, using a special depth micrometer or go-
no-go gage as specified in the MIIVI. The pin
should protrude a specified amount. If it is not
within limits, repair as necessary to return it
to an acceptable condition. Repair instructions
are provided in the Maintenance Instruction
Manual.

When these checks on the firing mechanism
are completed, lift the firing pin and install the
sear. Make sure that the firing pin does not
protrude with the sear installed. Install the fir-
ing mechanism fingertight in the catapult gun
breech.

TIME RELEASE MECHANISM CHECK.The
time release mechanism checkout is composed of
two checkstime delay check and barostat check.
Figure 9-26 illustrates the test switch assembly,
the timer, and the barostat checkout vacuum
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Figure 9-25.Firing mechanism sear removal

and installation.

chamber needed to perform the two checks. Fre-
quent reference to this figure should be made
during the discussion of these checks.

For the time delay check, disconnect the
bungee cord from the trip rod and remove the
time release mechanism from the ejectionseat.
Install the switch actuator collars (2) and (3) on
the shackle release and rack plungers, respec-
tively. Mount the time release mechanism on the
test assembly (4) so that the three locating pins
are engaged in the three mounting holes of the
mechanism and the tang on the switch actuator
collar (3) is engaged in the track of the test
switch assembly. P.C.just stop (5) to bear against
the mounting pad and tighten the three clamps
(6).

Connect the trip rod assembly to the sear,
using the chain attaching pin (7). Install the trip
lever on the trip lever arm and pull the lever to

312

fully seat the sear on the time release mechan-
ism. Push the trip lever forward gently to re-
move slack in the trip rod assembly and remove
the lever. Observe that the sear does not move
from th, seated position.

NOTE: The trip lever is also used on the
c :kin,z mechanism for the plungers.

Install the trip lever on the cocking
mechanism and cock the rack and shackle
plungers. LoL sen the switch mounting bracket

01:3 and position each bracket so that the roller
the switch actuator is on the slope of the

switcf, actuator collar.
Connect the test leads from a multimeter to

pins C and D of the connector (10) and adjust the
switch actuator bolt on the trip rod assembly
until the start switch (12) is just open (multi-
meter needle returns to 0). Continue adjustment
of the bolt an additional one-quarter turn. Place
the power switch (13) in the ONposition, connect
the multimeter to pins A and B of the connector
and adjust switch actuator bolt (14) until the
light switch (15) is just open. Continue adjust-
ment of bolt one-quarter turn and turn the power
switch to the OFF position.

Next connect the multimeter to pins E and F
of the connector and adjust switch actuator bolt
(16) until the stop switch (17) is just open. Con-
tinue the adjustment one-quarter turn and then
connect the test switch a3sembly to the timer
(18) and connect the timer to an electrical power
source. Place the timer switch ON and zero the
timer pointers.

Install the trip lever on the tr ip lever arm and
apply a rapid pushing force to the lever to dis-
engage the sear. Check the reading of the timer
when the mechanism has completed actuation.
The timer must show an elapsed time of 2.25
(±0.10) secoads. Repeat the test procedure at
least three times in order to insure positive test
results within limits.

In performing the barostat check, repeat all
of the above procedures down through adjusting
the stop switch (17), and then place the complete
mechanism in the barostat checkout chamber
(19).

Connect the cable from the test switch as-
sembly to the vacuum chamber ,,lug into the
electrical power source, and place the power
switch (13) in the ON position. Turn the selector
valve handle (20) to the manual pump position,
close the bleed valve (21), and set the pressure
altimeter scale to 29.92. Using the hand pump
(22) observe the altitude on the altimeter (23)
and increase the chamber altitude to 20,000 feet.
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NOTE: If the chamber evacuation with the
hand pump is slow, lubricate the pump plunger
with grease and insure that the test assembly is
sealed by using the latches provided in the
handles. If an auxiliary vacuum source is avail-
able, it may be used in lieu of the hand pump.

,nnect the vacuum source to the vacuum fitting
shown in figure 9-26, view A-A, and turn the

And le of the selector valve to the MOTOR
OPERATION PUMP position.

Pull the sear from the release mechanism
with the trip lever; the mechanism must not
operate. Slowly bleed air into the chamber by
opening the bleed valve (21) and observe the
altimeter. The release mechanism must start to
actuate between 14,500 and 11,500 feet.

NOTE: Actuation of the release mechanism
is signaled by illumination of the indicator light
(25) and stoppage of chamber descent by the
solenoid. Chamber altitude may be reduced to
zero with the bleed valve after the power switch
is placed in the OFF position.

Repeat the above test procedure at least
three times to insure positive test results.

Drogue Gun Checkout.The drogue gun
checkout consists of three separate checks; a
time delay check, a pin protrusion check, and a
spring compression check.

Disconnect the bungee cord from the trip rod
and remove the drogue gun from the ejection seat
and place in a vise-mounted holding tool as shown
in figure 9-27.

NOTE: The drogue gun checkout can also be
made with the gun installed on the seat. Checkout
discussed in this section is with the gun removed.

The drogue gi.in is cocked as illustrated in
figure 9-28.

The steps of the cocking procedure with the
drogue gun mounted in the holding tool are the
same as those shown in figure 9-28. Insert the
sear into the slot of the locking plunger with the
cam side outboard as illustrated in view A.
Lock the sear in place by pushing in on the
locking plunger. The drogue gun ground safety
pin may be used for this purpose as shown in
view B. With the lock plunger forward as it
should be, it will not protrude into the safety
pin hole.

The hex head cocking indicator and washer
are then removed from the bottom of the firing
body and the threaded portion of the cocking tool
is screwed in place (view C). Pull the cocking
tool its full limit. This causes the firing pin base
to ride over the slope on the end of the locking
plunger and push it outwards until the slot in the
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firing pin body is opposite the locking plunger.
The spring pressure on the ball-end plunger
forces the locking plunger inward to engage the
slot in the firing pin. If the operator looks
through the safety pin hole he can momentarily
see the end of the locking plunger appear, then
snap into engagement with an audible click. (See
view E.) When tension is released on the cocking
tool, return motion should be approximately one-
eighth inch as the mechanism locks in the cocked
pos it ion.

While cocking, no bindint, or restriction
other than normal spring tension should be felt.

Next attach the start and stop switch assem-
blies to the drogue gun and connect the plugs
from these assemblies to their receptacles in
the relay control section of the time clock as
illustrated in figure 9-27, view A. Connect the
time clock to an electrical power source and
turn the unit on. If both hands are not zeroed,
they are returned to zero using the trip lever
just above the clock face.

To perform the time delay check, pull the
sear sharply from the drogue gun, causing the
timer to start. The timer will stop when drogue
gun escapement fires. A time delay of 0.65 to
0.85 second should be registered on the time
clock.

When the test is completed, remove the
power equipment from the drogue gun, then re-
move the gun from the holding tool.

The pin protrusion check is accomplished
using a depth micrometer. Measure the distance
from the base of the bore to thetop of the firing
body as shown in figure 9-27, view B. Record the
distance. Next measure the distance from the
end of the protruding firing pin to the top of the
firing body (view C) and subtract this from the
first measurement to obtain pin protrusion. Pin
protrusion should be from 0.094 to 0.140 inch.

The spring compression is checked as shown
in figure 9-27, view D. The cocking tool is in-
serted into the gun and a spring scale connected
to the handle. Spring tension on the handle is
gradually increased until the firing pin just
starts to move. The scale reading should be 8
to 15 pounds.

If the drogue gun does not meet all the
requirements of the checkout it must be replaced
with a new one. A new one must be tested prior
to installation.

Cock the gun and insure that the firing pin
does not protrude. When properly cocked the
cocking indicator will be extended approximately
1/2 inch. (See fig. 9-22.) The drogue gun piston
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Figure 9-28.Time release mechanism checkout.
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Nomenclature for Figure 9-26.

1. Time release mechanism. 11. Switch actuator bolt.
2. Switch actuator collar. 12. Switch (start).
3. Switch actuator collar. 13. Power ON/OFF switch.
4. Test switch assembly. 14. Switch actuator bolt.
5. Stop. 15. Switch (light).
6. Clamp (3 each). 16. Switch actuator bolt.
7. Pin. 17. Switch (stop).
8. Trip lever arm. 18. Timer 134GT1041-T5
9. Bolt (4 each). (component of test

10. Connector. unit).

is removed from the barrel, cleaned and lightly
lubricated, and reinserted into thr barrel using
a new 0-ring and split shear pir.

SEAT MECHANISM OPEL 1'IONAL
CHECKS.Operational seat checks required on
the ejection seat during the aircraft calendar
inspection include checking the emergency har-
ness release handle operation, a face curtain
and secondary ejection check, harness takeup
mechanism check, leg restraint mechanism
check, guillotine mechanism check, and a scis-
sor mechanism check.

Harness Release Mechanism Check.When
checking for harness release due to firing of the
timer release mechanism the following seat con-.
ditions exist. The emergency harness release
handle should be in the down and locked position.
Insure that the time release mechanism (in-
stalled on the seat after functional check) is
cocked and that the shoulder harness loop straps,
the leg restraint cords, and the lap belt are
properly connected to the seat.

Next place the time release mechanism cock-.
ing tool on the time release mechanism and
insert the cocking pin in the hole on the shackle
release plunger as shown in figure 9-29.

With light pressure applied to the handle of
the cocking tool, pull the sear from the time
release mechanism. This will allow the rack
plunger to extend. When the plunger has com-
pletely extended, relieve pressure on the cocking
tool to allow the shackle release plunger to fully
extend. The leg restraint cords, lap belt, har-
ness loop straps, and the drogue shackle must
release from the seat.

When this part of the check is completed,
reconnect the leg restraint cords, loop straps,
and lap belt to their respective quick-release
fittings on the seat.

Prior to continuing the check the time re-
lease mechanism must be cocked. Cocking is
accomplished as follows:
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19. Barostat checkout
vacuum chamber.

20. Selector valve.
21. Bleed valve.
22. Hand pump

(vacuum).
23. Altimeter.
24. Trip lever.
25. Plunger travel

indicator lamp.

The sear and trip rod assembly are posi-
tioned so that the small end of the clevis pin
(the end with a cotter pin hole) is pointing out-
board and the small end of the second clevis pin
is pointing aft. The sear is then inserted fully
into its hole. A slight tap may be required to
fully insert the sear into the two detents of its
receptacle.

NOTE: If the sear is not fully seated or the
clevis pins are not positioned as above, a semi-
cocked condition can result which can cause
inadvertent firing of the time release mech-
anism.

With the cocking tool installed on the time
release mechanism as illustrated in figure 9-29,
insert the cocking pin into the hole provided in
the Xower end of the rack plunger and cock the
rack plunger by pushing down on the cocking
tool lever until the plunger retracts as far as
it will go into the housing mechanism.

Slowly releaE.e the tension on the handle.
After approximately 1/4-inch return travel,
the rack plunger should lock in the retracted
pos it ion.

Remove the cocking pin from the rack
plunger and insert it into the shackle release
plunger cocking hole. Cock the shackle release
plunger by pushing down on the cocking tool
handle as far as it will go. The plunger will
retract and an audible locking click will be
heard. Simultaneously the locking pin inserted
through the scissor release plunger will be
forced out, if installed. (See fig. 9-29.) Release
the tension on the cockinglever and after a short
return motion, the shackle plunger should lock
into the retracted position. Remove the cocking
pin from the plunger cocking hole.

With the time release mechanism cocked and
hand tension applied to the leg restraint cords,
lap belt, and loop straps, push down on the har-
ness release lever (located on the right side of
the seat under the time release mechanism)
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Figure 9-27.Drogue gun checkout.
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Figure 9-28.Drogue gun cocking procedure.
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Figure 9-29.Cocking the shackle release

plunger.

until the leg restraints, lap belt, and loop straps
release from the seat. AB three should release
simultaneously. On some seats, simultaneous
release of all straps and cords might not occur.
In such cases, insure that the leg restraints re-
lease before the lap belt and that the loop straps
release after the lap belt. In any case there
should not be a wide variation in the release of
all cords and straps. Repeat this check at least
twice to insure positive results.

Next, reconnect the leg restraint cords, loop
straps, and lap belt and disconnect the guillotine
firing mechanism from the emergency harness
release handle.

With hand tension applied to the leg restraint
cords, lap belt, and shoulder harness loop straps,
depress the trigger of the emergency harness
release handle (fig. 9-18) and slowly pull the
handle upwards as far as it will go. The straps,
restrain cords, and lap belt should all release
from the seat and the handle should lock in the
UP position, Insure that the lap belt and leg
restraint cords release from each side of the
seat evenly. The leg restraints should release
before the lap belt, and the loop straps should

release simultaneously with the lap belt or
slightly before.

When the check is completed, place the
release handle in the down and locked position,
reinstall the harness, lap belt, and leg restraint
cords, and connect the guillotine sear to the
emergency release handle. If the guillotine
cartridge is installed, insure that the safety pin
is installed to prevent inadvertent firing.

Sticker Clip Tension Check.Install the
sticker strap lugs of the harness in the sticker
clips on both sides of the seat bucket.

Check the tension of each sticker clip by
attaching a 0-100-pound spring scale to the lug
and applying tension until the lug breaks free of
the clip. The breakout force for the H-7 ejection
seat sticker clips is between 60 and 70 pounds.

Face Curtain and Secondary Ejection Handle
Check.Install the catapult gun on the ejection
seat and install 'le catapult firing mechanism
in the gun breech. Insure that the primary car-
tridge is removed. An initiator gage assembly
is installed in the place of the seat initiator as
shown in figure 9-30, view A. Insure that the
initiator gage assembly is calibrated to provide
a release load of 40 to 44 pounds prior to in-
stalling. The gage assembly simulates the
initiatoi in checking this portion of the oper-
ation of the emergency ejection syseem. Connect
the initiator firing links to the gage assembly
and install a spare canopy interlock block in the
interlock mechanism.

Attach a 0-100 pound spring scale to the face
curtain handle and pull the scale, as shown in
figure 9-30, view B, until the face curtain breaks
away from the seat. Observe the scale reading
at the time of breakaway. The force required to
pull the handle from the seat should be between
50 and 70 pounds.

Continue pulling the face curtain until the
gage plunger separates from the gage body.
Remove the canopy interlock block from the
interlock mechanism and continue pulling the
face curtain until the sear separates from the
catapult gun firing mechanism.

If the face curtain firing mechanism is not
operating properly, the gage plunger will not
separate from the firing linkage as it should.
If the foregoing test conditions can not be
satisfactorily completed, the mechanism should
be checked for alignment, a defective gage as-
sembly, or a bent cross shaft. DO NOT bend the
initiator firing links or shorten them in any way
to achieve proper gage plunger separation. When
the check is satisfactory, repack the face curtain
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DIRECTION OF FACE CURTAIN PULL
TO BE PARALLEL TO CHANNEL

trcrio,
UF Putt

FACE CURTAIN
PULL TEST ADAPTER

VIEW A

INITIATOR
GAGE ASSEMBLY

VIEW B

igure 9-30.Face curtain pull test.

in the seat in accordance with the applicable
Maintenance Irn,lructions.

To check th. secor,dar mndle the gage
assembly must oe rerock It is recocked by
pushing up on the . I - ,Aston at the lower
end of the gage altil if is bottomed. Insert the
gage plunger in the top of the gage, then release
pressure on the piston stem.

When the gage assembly is recucked, rein-
stall the sear in the firing mechanism, connect
the banana links to the sear, and attach the
spring scale to the secondary ejection handle.
Rotate the handle guard downward and pull the
handle upward with the spring scale. The force
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required to pull the handle from its receptacle
must not exceed 45 pounds. Continue pulling the
handle until the gage plunger again separates
from the body and the sear separates from the
firing pin as previously described. The force re-
quired throughout the check must not exceed 45
pounds on the spring scale.

The test must be repeated three times w'.th
the seat in the middle, full down, and full up
positions as directed in the applicable MIX

When the test is complete, place the secon-
dary ejection handle in its receptacle, place the
guard up, and remove the gage assembly.
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Harness Takeup Mechanism Check.This
check is with the seat in the full up position.
Push the shoulder harness snubber release
handle (fig. 9-10 B) all the way aft then forward
to the center position. Extend the harness straps
completely, then allow them to rewind about 2
inches. Place the release handle forward and at-
tempt pulling out on the straps. They should be
held securely by the snubber. Release tension on
the straps and allow them to retract approxi-
mately 3 inches and repeat the procedure. Repeat
these procedures until the straps are fully re-
tracted.

Manually push the snubber (on the takeup
mechanism) backward as far as possible and
partially extend the harness. Release the snub-
ber and apply tension to the strap. The snubber
should return to the snub position and hold the
strap from extending.

Pull the release handle aft and allow it to
return to the center position. The snubber should
remain in the release position with the harness
loop straps free to extend and retract. Manually
push the snubber to the grip position and apply
tension to the straps. Hold this tension and meas-
ure the clearance between the forwardfaces on
the dogs on the snubber unit. It is acceptable to
push lightly aft on the dogs to insure that the
minimum clearnace of 0.005 inch is available.

Repeat the harness takeup mechanism check
with the seat bucket in the middle and full down
positions. During the test, check the condition of
the strap. It should be free of cuts, fraying,
deterioration, thickening, and extreme dis-
coloration.

To check the harness loop strap reel tension,
place the harness release handle in the aft, then
center position. Fully extend the strap and manu-
ally wind the reel in the same direction until it
is fully tight. The reel should have 1 to 1 1/2
turns overtravel. When released, the loop strap
should rewind completely.

Leg Restraint Mechanism Check.Check the
leg restraint cord mechanism for cracks, wear,
and corrosion. The restraint cords should be
invccted for cuts, wear, fraying, mildew, or
deterioration, any of which could br, a reason for
vcplacement.

Check the action of the snubber by pulling
forward on the restraint cord. With tension ap-
plied to the cord, check the releasing action by
pulling out on the t3nubber finger ring until the
cord releases. When released, the cord should
pull out without signs of abnormal binding or
drag.

To check the operation of the leg restraint
manual release, place the handle (fig. 9-10 (B))
in the forward (locked) position. Insert the cord
lockpins in the lockpin receptacles and insure
that the pins are held securely. Pull the manual
release handle aft and check to see that the cord
lockpin releases from the receptacle.

Rocket Motor Installation.Check the condi-
tion of the rocket motor propellant tubes and the
firing mechanism lanyard for proper routing and
installat ion.

Guillotine Mechanism Check.Dtring the
calendar inspection of the ejection seat, the
guillotine firing mechanism is checked for
proper operation and the spring tension of the
guillotine door is checked for correct tension.

To check out the firing mechanism, it is
removed from the seat and inspected for cor-
rosion, cleanliness, and condition of threads.
It is then placed in a vise. Using the same fir-
ing pin extractor tool that was used on the cata-
pult firing mechanism, lift the firing pin and
remove the sear. There should be no abnormal
binding of either the firing pin or the sear during
the removal of the sear and pulling on the firing
pin.

With the sear removed from the mechanism,
attach a spring scai.e (0-25 pound) to the extrac-
tor tool and connect the tool to the firing pin.
Pull upward on the spring scale and observe the
reading on the scale when the firingpin starts to
move upward. The spring tension must read be-
tween 8 and 12 pounds.

With the firing pin protruding from the lower
end of the mechanism, measure the pin protru-
sion with a depth micrometer in the same man-
ner as was utilized for the drogue gun. The pin
should protrude the amount specified in the
applicable Maintenance Instructions Manual (in
this case 0.094 to 0.140 inch). If either part of
the test is unsatisfactory the guillotine assembly
can be repaired and returned to satisfactory
condition.

To check out the guillotine knife assembly,
disconnect the personnel parachute withdrawal
line (link line) and remove the line from the
assembly. Cut the lockwire and remove the
flexible hose from the bottom of the assembly.
Remove the guillotine cutter mechanism from the
seat, taking care not to force the piston cutter
blade assembly up with the guillotine assembled.
Forcing the cutter blade assembly up and over
the detent plunger could produce a burr on the
plunger that can result in a guillotine "locked
shut" condition.
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Remove the guillotine from the seat, dis-
assemble it, and inspect all parts for corrosion,
cracks, and distortion. Inspect the piston cutter
plunger and blade for freedom ,)f burrs.

The guillotine is reassembled in the reverse
order of disassembly. Lubricate the blade and
piston with specified grease. Replace the hose
and lockwire it securely. Route the parachute
withdrawal line through the assembly and connect
the line at the quick-disconnect coupling.

Attach a spring scale (0-10 pounds) to the top
of the guillotine trap door. Pull the door with the
scale and observe the reading on the scale when
the door just begins to open. The door spring
tension must be between 2 and 3 1/2 pounds as
specified in the MIM.

Scissor Mechanism Check.For this check,
the time release mechanism must be cocked.
Using a feeler gage, check the clearance between
the jaws of the scissors for a clearance of be-
tween 0.010 to 0.050 inch.

Next, place the scissors in a vertical posi-
tion and attach a spring scale to the top of the
scissors. Pull straight forward on the spring
scale and observe the force readinK required to
begin rotating the scissors forward.

The force required must be between 5 and
15 pounds. Special shims are added or removed
as necessary to the scissor securing bolts until
the proper scissor force is obtained. Refer to
the applicable Illustrated Parts Breakdown for
the part number of the proper shim material.

MARTIN-BAKER EJECTION
SEAT (MK GRU ')

The Martin-Baker GRU-7 ejection seat
used in the A-6E aircraft is a conversion of the
Martin-Baker MK-5 seat. The conversion has
been accomplished to offer zero-zero capability
at reduced g loads in the same manner as the
MK 11-7 seat used in the F-4 aircraft. Figure
9-31 illustrates the MK-GRU7 Rocket catapult
ejection seat.

Thrust to successfully recover the occupant
in the old generation seat was provided by the
ballistics catapult. By supplementing the catapult
with a rocket motor to sustain the trajectory tin
crewynember is now able to eject without being
subjected to the high "0" loads previously bX.-
perlenced.

Description/Operation
The capability of the MK-GRU-7 ejection

seat is zero-zero straight and level to 600 knots.

Ejection is initiated by either the face curtain
or the alternate firing handle. Linkage from
both controls fire the primary catapult cartridge,
which supplies energy to the ejection catapult.

After the inner and intermediate tubes of the
ejection catapult gun rise 14 inches, the first
auxiliary cartridge is exposed and ignited. This
is accomplished by pressure in the catapult rup-
turing the foil disc on the inner side of the
cartrige so that the heat can ignite the cartridge
propellant. An additional 17 inches of travel
exposes the second auxiliary cartridge and
ignites it.

The rocket motor initiator firing lanyard is
attached to the drogi.e gun trip rod and the
lanyard dispenser/initiator assembly is located
on the left-hand main beam assembly.

As the catapult nears the end of its stroke,
the rocket motor firing lanyard is played out
and actuates linkage to extract the sear of the
rocket motor initiator assembly. The initiator
fires, creating gas pressure which is trans-
mitted to the pressure activated initiator at-
tached directly to the rs_cket motor assembly.
The pressure activated initiator ignites the
rocket motor. By mounting the firing lanyard
dispenser/initiator on the main beam rather
than the movable seat bucket, a fixed point of
rocket motor ignition has been established.

The rocket motor tubes are filled with solid
rocket fuel and screwed into a manifold which
contains six nozzles. The motor in addition to
providing seat thrust also provides seat di-
vergence to eliminate the possibility of seat
collision in multiple ejection situations. The
divergence is accomplished by the inboard
rocket nozzles being slightly larger in diam-
eter. Because of the divergent trajectory the
two seats of the aircraft are not interchange-
able. Doing so would cause them to collide on
ejection.

The initial rnov nent of the ejection scat
alsc extracts the ar ling sear of the drogue gun.
The cscapement raw canism of the drogue gun
establishes a time .1,' :rly or 1/2 second before
the gun fires. The drogue cartridge supplies
enough energy to shear the piston pin and propel
the piston with suff;.:ieit velocity to extract the
drogue parachute systetn.

The drogue pa .4cmio s'4)toia consists of a
withdrawal line, a -)nt-cW parachute,
a bridal or strip,. 11, ....FWzer drogue
parachute, and the dr)

The emergency ox. Contained in
the lid of the survival kit, proviC
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97 cubic inches of gaseous oxygen. Oxygen is
supplied automatically on ejection. A lanyard
from the oxygen valve to the seat personnel
services disconnect activates the valve auto-
matically on initial ejection movement.

Emergency oxygen may be selected manu-
ally by activation of the manual control located
on the left-hand thigh support.

Automatic activation of the aircraft IFF
equipment occurs if either seat is ejected. The
seat main beam assembly activates a micro-
switch located on the ejection catapult which
in turn activates the IFF.

Initial "g" forces of ejection cause the legs
to swing down against the thigh supports and the
leg restraint system leg lines restrain them
there. One end of the leg lines is attached to the
cockpit deck fitting. The lines are routed through
the restraint snubber assembly, which prevent^
the lines from reeling out. The upper end of the
leg lines route through the crewmembers leg
garter assembly and terminate with an end fit-
ting which is engaged in the restraint system
locking mechanism.

The seat is equipped with a power type
inertia reel which serves as a retention device
for normal flights and provides power actuated
upper torso retention on ejection as well as up-
per torso retention in crash circumstances.
(See fig. 9-32.)

On ejection, ejection seat linkage rotates a
shaft and connecting linkage which extracts the
sear from the power reel firing mechanism
The cartridge fires and supplies energy via tub-
ing to the rack shaft. The rack shaft extends
and rotates a gear mechanism which in turn
rotates another shaft containing the dual strap
spools.

Inertia reel locks engage the end fitting of
the dual inertia reel strap spools. The locking
lugs are actuated by ramp type lock pin release
sears attached to shafts. When the time release
mechanism or the manual override handles are
actuated the shafts pull down and retract the
locking lugs.

The reel has a preloaded clock spring which
mainlains tension on the spools to retract the
harness straps. With the control handle in the
forward position the straps can not extend but
they will retract. With the handle in the center
position the straps will extend and retract.

Rapid strap extension caused by sudden for-
ward movement will cause the strap to lock and
prevent further travel until the forward tension
is relieved.

In the low-level ejection sequence, the time
release mechanism fires in 2 seconds. The trip
rod attached to the ejection gun crossbeam ex-
tracts the time release mechanism sear on
initial movement of the seat. The time release
mechanism is illustrated in figure 9-33.

When the harness release plunger of the time
release mechanism extends, it strikes a harness
release lew,r. Linkage from the lever unlocks
the leg restraints, lap belts, and inertia reel
straps, and locks the firing controls.

A chackle release shaft is attached to the
opposite end of the harness release plunger.
This shaft locks the scissor shackle, which se-
cures the drogue parachute to the seat structure
for seat stabilization during the ejection se-
quence. When the shackle release retracts on
extension of the harness release pluuger, the
scissor shackle opens and the drogue parachutes
are released from the seat and are free to deploy
the personnel parachute. The drogue parachutes
pull link pins which release the face curtain
restraint straps and extract the main personnel
parachute withdrawal line from the guillotine
and pull the chute out of its pack.

On ejections above 14,500 feet the time re-
lease mechanism is locked out by the barostat
assembly. The occupant is locked in the seat by
his restraints and stabilized by the drogue para-
chutes until he descends to an altitude between
14,500 and 11,500 feet.

The lap belt assembly is equipped with two
sticker clip lugs which engage the spring-loaded
sticker clips on each side of the seat bucket.
During separation from the seat on ejection, the
sticker cl ips provide enough fr Let ion to cause the
upper seat structure to rotate away from the oc-
cupant. This rotation insures there is no seat/
man coll is ion.

The manual override handle located on the
right hand side of the seat bucket permits the
occupant to override the automatic release
system in the event of a malfunction. Actuation
of this handle fires the guillotine to cut the
parachute withdrawal line and unlocks the leg
restraint lines, the lap belt, and inertia reel,
straps, and the sticker clips.

If this handle is used in lieu of automatic sep-
aration the occupant must release his personnel
p arachi ite manually by pulling the ripcord handle.
Actuation of the manual override handle also
locks the firing control handles in whatever posi-
tion they are in on actuation. This function aids
the occupant and/or crash crews in making an
emergency egress following a crash or because
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Figure 9-31.Rocket catapult ejection seat.

of some other ground emergency that requires
rapid egress from the aircraft.

SAFETY PRECAUTIONS.As is the case
with all ejection seats, the ground safety pins
must be installed at all times when the aircraft
is on the ground. The MK-GRU-7 seat safety pin
assembly is equipped with 6 pins with flags.

The ejection gun safety pin prevents thesear
from being pulled on the catapult firing mech-
anium. The drogue gun pin prevents the sear
from tieing pulled from its firing body. The face
curtain lock pin secures the face curtain lock,

AM.119

preventing operation of the face curtain releas
mechanism. The secondary firing handle safet
pin secures the handle guard in the up positiot
The rocket initiator safety pin prevents the sea
from being withdrawn from the rocket initiatc

' assembly. The manual override handle Wel
pin prevents the handle from being rotated I
the release position, which would fire the gut/
lotine and release the various restraint meet
anisms.

The ejection seat safety precautions di !
cussed previously have application to mo,
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Nomenclature for Figure 9-31.

1. Drogue withdrawal line.
2. Top latch mechanism.
3. Drogue gun.
4. Guillotine unit.
5. Rocket motor firing unit.
6. Personnel parachute.
7. Stowage clip (2).
8. Shoulder harness release lever.
9. Left leg restraint line release

lever.

16. Face curtain (primary) firing handle.
17. Face curtain lock.
18. Personnel parachute D

Upper restraint harness Koch fittings (2).
O. Survival kit release handles (2).

21. Survival kit.
22. Right leg restraint line release lever.
23. Switch housing (seat raise and lowPr, seat

til24. MatLnual override handle.
10. Survival kit front release lever. 25.
11. Leg restraint lines (2). 26.
12. Secondary firing handle. 27.
13. Lower restraint harness Koch 28.

fittings (2). 29.
14. Power retraction unit. 30.
16, Headrest. 31.

ejection seats. Prior to working on any ejection
system the AME must have complete knowledge
of the peculiarities or specific hazards inherent
to that pailicular ejection system. Personnel
must not attempt to perform tasks for which
they are not qualified.

Components

The coverage of the MK-GRU-7 ejection seat
components in this section will include mainte-
nance considerations.

EJECTION GUN AND PRIMARY FIRING
MECHANISM.-The ejection gun is almost Wen-
' :al to the one used with the MK-H-7 of the
F-4 aircraft.

The outer tube contains the guide rails,
auxiliary cartridge housings, upper and lower
structural supnort mountings, .a safety latch
through which the top latch mechanism engages,
structural steel inserts to engage the top and
bottom seat main slippers, and an interference
plate.

The intermediate tube is equipped with 12
gas filled snubber rings and 12 piston rings
(2 sets of 6). A carrier ringbeneath the snubber
rings gives an even bearing surface against the
rings during the catapult stroke. The piston rings
are installed with their end gaps staggered so
that effective sealing will not be lost. The inner
tube guide bushing is riveted to the top of the
intermediate tube with two special value rivets.

The inner tube is equipped with 6 piston
rings. A breech for the firing mechanism is

Guillotine breech.
Seat bucket.
Upper restraint harness.
Upper restraint harness roller fittings (2).
Power retraction t-ireech.
Time release mechanism.
Shackle retaining plunger assembly.
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screwed into the top of the tube and secured by
a rivet. The breech has slots which engage the
dowel pin on the top crossbeam and prevent
rotation of the inner tube assembly when torquing
the firing mechanism into the breech.

An intermediate tube guide bushing is
screwed into the top of the outer tube (cylinder
barrel) and secured to the barrel with a special
dowel screw. During the ejection sequence this
bushing retains the 12 gas filled snubber rings.

The primary firing mechanism consists of
the firing pin, a spring, a ramp type sear, firing
body, a water seal, and a tab washer.

During the catapult stroke, the intermediate
tube is stopped by the snubber rings being com-
pressed between the piston end and the inter-
mediate tube guide bushing. The inner tube
continues to rise and the inner tube lower end
strikes the inner tube guide bushing, shearing
its two rivets. The bushing and inner tube leave
the ejection gun with the seat.

Maintenance of the catapult and firing mech-
anism during the calendar inspection is similar
to that previously discussed. Firing pin spring
tension and pin protrusion measurement are
provided in the applicable M114.

When the firing mechanism is removedfrom
the catapult gun for maintenance, a plastic bag
should be installed over the top of the gun to
prevent contamination.

When replacing the intermediate guide bush-
ing during reassembly of the catapult gun, grade
E Locktite should be applied to the threads of
the dowel screw to prevent the screw from
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Figure 9-32.Power inertia reelA-6E.
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Figure 9-33.Time release mechanism.

backing out. Locktite is the trade name of a
friction producing liquid.

TIME RELEASE MECHANISM.The time
release escapement mechanism with its rack
shaft plunger, shackle release shaft, and barostat
assembly operates in the same manner as the
time release mechanism for the MK-H-7 ejec-
tion seat with the exception of the scissor
release shaft. 'I his shaft (fig. 9-33) is integrated
to the harness release plunger. When the plunger
releases, the scissor release shaft is withdrawn
from the bushing that locks the scissors holding
the drogue parachute system to the seat struc-
ture, and the scissors open.

The time release is cocked in the same man-
ner as was previously discussed. A release
mechanism assembly check is accomplished as
follows.

With the time release nwchanism mount:.e.
on its holding fixture and the holding fixture in a
v ise, cock the rack and harness release plungers
(sear is installed). Move the rack shaft to its
overtravel pos ition and release tension. It should
return to its normal cocked position. Pull the
sear from the time release body and allow the
shackle harness release plunger to extend slowly
by restraining it with the cocking tool.

Time Delay Check. The time delay check and
the barostat check must be conducted as two
separate checks. Release of the barostat can
create an erroneous time delay reading.

Insert the sear fully into the time release
mechanism and cock the rack shaft. Attach the
time release start and stop switches, as shown
in figure 9-34, and tighten the knurled stud.
Connect the stop- start leads into their respective
jacks on the time clock assembly. Place the
switch to the ON position. The power indicator
light should light. Make sure the start micro-
switch is adjusted properly against the shoulder
o: the rack shaft. Fine adjustment can be made
with thrl adjusting screw vice the mounting bolts.

Next, reset the clock assembly to zero by
depressing the reset lever. Pull the sear from
the mechanism, The clock should indicate be-
tween 1.90 to 2.10 seconds. Perform the check
three times.

Barostat Check.Mount the time release
mechanism in the holding fixture and secure it
In a vise as shown in figure 9-35. Insert the
sear and cock the rack plunger only.

Connect the barostat vacuum adapter fitting
to a vacuum source with a pressure altimeter
hose attached to a bleeder tee valve assembly.
Remove the lockwire from the barostat and
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TIME RELEASE MECHANISM

KNURLED KNOB

4.7.)4 I...4%

1.14W,:ee 41

r

441"
-Re 1.1

.4.4\

TIMING CLOCK ASSEMBLY
RESET LEVER

START SV.ITCH

STOP SWITCH

AM.1194
Figure 9-34.Time delay check.

BLEEDER VALVE

BAROSTAT ADAPTER ASSEMBLY

TIME RELEASE
MECHANISM

TRIP ROD U PRESSURE ALTIMETER

AM.1195
Figuxe 9-35.Time release barostat check.
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install the adapter rncr the barostat assembly.
Set the altimeter to field barometric reading,
then close the bleeder valve.

Slowly apply vacuum until the altimeter indi-
cates 16,000 feet. Maintain this reading and pull
the sear.

The escape mechanism should not run. Open
the bleeder valve and slowly reduce vacuum.
The actuation altitude must be between 14,500
and 11,500 feet as was the case withthe MK-H-7
seat. Reduce the vacuum to field barometric
pressure. Perform this check a total of three
tirn ,re positive results.

''-leck is complete, Quality Assur-
Are the barostat cover and affix

E GUN.The drogue gun of the MK-
GRU-7 seat is identical in operationand mainte-
nance considera:ions as the drogue gun of the
MK-H-7 seat discussed previously with the fol-
lowing exceptions.

The drogue gun has a blanking bolt in place
of a cocking indicat -r, and the firing body con-
tains a safety sleeve assembly. The safety
sleeve's function is to provide mechanical inter-
ference, with the firing pin in the firedposition.
This prevents installation of the ground safety
pin unless the gun is properly cocked and the
locking plunger is engaged in the firing pin hole.
This also prevents the installation of a cartridge
on a protruding firing pin unless the maintenance
man completely ignores arm ing procedures.

The time delay run time for the MK-GRU-7
drogue gun is between 0.4 and 0.6 second.

NOTE:When reassembling the drogue piston
assembly, avoid excessive lubrication of the
piston as hydraulic locking could prevent the
piston from going into the barrel far enough to
get the shear pin in. (See fig. 9-22.)

POWER REEL MFCFIAMSM.Maintenance
of the power inertia r-o.1 cr.'.)ring the calendar
inspection includes an operational check and a
firing mechanism check.

To perform the operational check, actuate
the control lever to aft and then forward to the
center (auto-lock) position. Grasp each strap in
turn and pull out to full extension. The opposite
strap should automatically reel out also. The
straps should pull out without any binding or drag
except that created by the reel's spring tension.
Insure that they retract fully..Partially withdraw
the straps then accelerate the movement and see
if the clutch comes into operation and prevents
further withdrawal until tension is relieved.

Fully withdraw the straps and place the
control lever to the full forward (locked) posi-
tion. Allow the straps to retract slowly, check-
ing at intervals that all forward movement is
prevented.

While the straps are fully extended, inspect
their condition. If the straps require replace-
ment, the inertia reel must be removed from the
seat.

Reel Firing Mechanism Check.The load
required to extract the sear from the power
inertia reel ciring mechanism must be between
7 and 13 pounds. With the firing mechanism
secured vertically in a vise (sear upward) attach
a spring balance to the sear by means of a short
lanyard. Apply a load on the spring balance at
right angles to the centerline of the firing pin.

The pin protrusion check and the firing
spring compression check are perThrmed as
previously discussed.

GUILLOTINE MECHANISM.The sear ex-
traction load check of the guillotine nring
mechanism is performed .1 the s:,me manner
as the inertia reel firing mechanism was con-
ducted except the load required to extract the
sear must be between 15 and 25 pounds.

The pin protrusion and spring compression
checks are performed in the same manner as
for the guillotine of the MK-H-7 seat.

The door mechanism check for the guillotine
is expanded to include checking the door spring
tension with the door at the "near full open"
position. This portion of the door check is per-
formed by pulling the door to the fully opened
position with the attached spring scale. Then,
relax the pull so that start return motion of the
door is observed. Load measured at this point
shall not exceed 8 pounds.

ROCKET MOTOR INITIATOR.The rocket
motor initiator contains a cable dispenser and
a firing mechanism. (See fig. 9-36.) One end of
the firing cable connects to the firing bellcrank.
The other end terminates at the drogue gun trip
rod assembly.

When the ejection seat is fired the drogue
gun trip rod stays with the aircraft and the
cable feeds out of the dispenser. At approxi-
mately 10 to 12 inches before the seat separates
from the catapult rails, the cable is stretched
tight and rotates the bellcrank which, in turn,
removes the sear fro,n the cartridge firing
mechanism. The gas pressure is transmitted to
the rocket motor integrated initiator, c-.using
its shear pin to fail and the motor initiator to
fire.
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Figure 9-36.Rocket motor initiator.

During calendar inspection the rocket motor
initiator is removed from the seat and subjected
to inspection and check of the firing mechanism.
The initiator must be dearmedprior to removal.

With the firing pin assembly removed from
the initiator assembl.. and placed in a vise,
remove the sear usin6, a firing pin extractor
tool. Release the firing pin and allow the firing
pin to protrude from the base of the firing pin
body. Place the protrusion gage o er the firing
pin and insure that the end of the gage is in total
3ontact with the base.

Hold the gage in contact with the base and
push the gage plunger unti: it makes contact with
the firing pin. The pin protrusion should be be-
tween 0.94 and 0.140 inch as specified in the
applicable Maintenance Instructions Manual.
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Use a spring scale and check the firing
mechanism spring tension. Tension must be at
least 8 pounds. Reinsert the sear and check that
the firing pin is not protruding from the base of
the body.

NOTE: The rocket motor is a sealed unit
and no attempt must be made to remove the gas
operated initiator or igniter cartridge.

ROCKET MOTOR REMOVAL AND INSTAL-
LATION.To remove the rocket motor from the
ejection seat, remove the lockwire securing the
flexible hose nut to the rocket motor tube. Dis-
connect the hose from the gas-operated initiator
and remove the spring clip attaching the hose to
the rocket tube. Remove the lockwire from the
rocket mount bolts. Support the rocket motor
and remove the bolts.
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WARNING: The rocket motor contains ap-
proximately 6 1/2 pounds of propellant and a
percussion fired igniter cartridge. Handle the
motor carefully and do not drop. The removed
rocket motor should be handled, stored, and/or
disposed of in accordance with Nav Air 11-85-1.

A preinstallation inspection of a new rocket
motor includes visually inspecting the motor for
signs of damage, distortion, and corrosion. In-
sure that all lockwire and lead seals called for
are intact and unbroken and that a plastic cover
is fitted to each efflux nozzle. If any of these
conditions are not satisfactory the rocket motor
should be replaced.

Check the rocket motor service expiration
date and record this date for entry in the aircraft
logbook.

Locate the ca follower into the inclined
track, align the bolt holes, and install and torque
the bolts in accordance with the MIM. Lockwire
the attachment bolts and connect the flexible gas
hose to the firing unit; torque a- ^kwire. Lo-
cate the flexible hose spring clic the correct
rocket motor tube.

The rocket motor cam follower arm rotates
the rocket pack as the seat bucket position
changes. This results in the rocket nozzle direc-
tion changing to compensate for a center of
gravity shift caused by the repositioned seat
bucket.

Ejection Seat Calibration
and Functional Testing

The functional testing of the restraint system
of the MK-GRU-7 seat parallels that performed
on the MK-H-7 seat discussed previously. The
spring scale readings for the face curtain check,
the sticker clip tension check, etc. may vary be-
tween different model ejection seats. Strict
compliance with the steps in the applicable Main-
tenance Instructions Manual will prevent the use
of erroneous readings. The measurements, read-
ings, and information provided in this manual
should not be used in performing maintenance.

The MK-GRU-7 ejection seat must be cali-
brated to the ejection gun on which it is installed.
Calibration refcrs to the clearance between the
ends of the slippers on the seat main beams and
the ejection gun rails.

The slippers may be moved in or out by add-
ing shims or spotfacing to achieve the required
clearance. The top slippers must have between
0.001 and 0.006 inch clearance at their respective
location on the ejection gun rails. The middle
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slipper must have 0.005 to 0.030 inch clearance,
and the lower slippers must have 0.000 to 0.005
inch. When the clearances have been achieved,
torque the slippers as specified in the applicable
Maintenance Instructions Manual.

After calibrating the slippers, they must be
checked for proper alignment. (See fig. 9-37.)

Using a 4-foot straightedge, align the slip-
pers, as illustrated in figure 9-37, using a suit-
able wrench to make the adjustment. Proper
alignment is neceq3ary to prevent scoring of the
seat rail tracks and binding.

Seat Buildup

The buildup of the MK-GRU-7 ejection seat
in readying it for flight consists of installation
of the drogue parachute container, face curtain,
personnel parachute, survival kit, ventilated back
pad assembly, seat cushion, and thigh support
pads, and hook up of the emergency oxygen
system.

DROGUE PARACHUTE CONTAINER IN-
STALLATION.Insure that sun protective cov-
ers are installed over the drogue withdrawal
lines prior to commencing installation of the
drogue container.

Swing the restraint scissors to the vertical
position and slide the container down into the
headbox assembly.

CAUTION: The drogue container should not
be installed in the headbox with the face curtain
restraint straps installed, as the container can
jam the straps and prevent face curtain move-
ment.

Install the securing hardware with the heads
of the bolts inside the headbox. Insure that the
safety tie securing pin is installed.

With the time release fired and the scissors
free to open, rotate the scissors down and engage
the drogue shackle in the scissor jaws and close
them. Recock the time release, thus locking the
jaws closed. Tie the scissor shackle down with
50-1b, #6 safetie cord.

FACE CURTAIN INSTALLATION. To install
the face curtain, first pull the secondary firing
control handle to allow the linkage from the equal-
izer shaft to extend forward. Connect the fittings
of the face curtain firing cables to the firing
links, then stow the secondary firing handle.

Fold the face curtain cloth under at each side
to the width of the face curtain container. Route
the restraint straps through the headbox and
attach the restraint fittings to the link pins.
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Figure 9-37.Slipper alignment check.

Install the stitched aft end of the face curtain
to the rear of the container. Accordian fold the
face curtain into the container with the firing
cable slack stowed with a single loop before the
last fold. Route the cables under the cross tube
of the handles.

Make sure the release pins are fully ex-
tended in the retention holes of the container
and install the cross-tube section of the face
curtain handle into the container. Engage the
face curtain handle locking mechanism and
insure that the locking pin properly engages the
cross-tube.

With the face curtain locking mechanism in
the "ready" position, rotate the manual over-
ride handle to insure that the locking pin again
engages the face curtain crossover tube.

PERSONNEL PARACHUTE INSTALLA-
TION.Packing of the personnel and drogue
parachutes are the responsibility of personnel
within the PR rating. However, they are in-
stalled in the ejection seat by the AME.

Prior to installing the chute, insure that the
repack has been accomplished by checking the
inspection card. Place the parachute container
on its support bracket and press the container
down until both locking lugs are engaged in the
locks.

Route the drogue withdrawal line throughthe
guillotine assembly and attach the screw con-
nector of the parachute withdrawal line to the
drogue parachute link line connector screw.

Route the inertia reel straps through the
riser rollers and engage the right-hand inertia
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reel lug in its lock. Engage the left-handinertia
reel lug and the parachute withdrawal restraint
lug in the left-hand lock.

SURVIVAL KIT INSTALLATION.With the
seat bucket in the down position, rotate the
lever ir the rear of the seat bucket to unlock
the aft bucket locking plungers. Insure that the
negative "g" lock on the front of the seat bucket
is engaged in the kit lock fitting. Lower the
locking lever and insure both aft locking plun gers
engage the survival kit loacing lugs.

Pull on the lap belt straps to insure the
survival kit is securely locked. Engage the
sticker lugs in the sticker clips. Connect the
emergency oxygen lanyard to the personnel
services quick-disconnect assembly on the left
side of the seat bucket.

MISCELLANEOUS HOOKUPS.The venti-
lated back pad, seat cushion, and thigh support
pads are installed by pressing their Velcro
hooks in the pile glued to the survival container
cover and the seat and stitched to the parachute
container. Velcro is the trade name designation
of a hook and pile tape fastener constructed of
woven nylon material. One-half of the tape is
composed of hooks and the other half of pile
loops. A connection of the hook and pile halves
is completed by mating the two tape halves and
applying a slight pressure to force the hooks
into the pile. The tape can be pulled apart
easily and stands up under repeated use.

The ventilation hose from the back pad
assembly is attached to the long hose of the
vent air manifold. The ventilation hose from the
seat cushion is attached to the shorter hose
located forward on the vent air manifold.

'3
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Seat Installation, Arming,
Dearming, And Removal

Seven cartridges are installed in the MK-
GRU-7 ejection seat. The primary catapult,
drogue gun, guillotine, power inertia reel, and
rocket motor initiator cartridges are percus-
sion type cartridges which can fire on impact
if dropped.

When removed from the ejection seat the
cartridges should be stored in a cartridge block
similar to the one shown in figure 9-38.

No matter how often the safety precautions
for ejection seat cartridges are stressed, acci-
dent summary reports still show that personnel
are mishandling them and causing serious per-
sonal injury and damage to equipment.

Prior to working on any ejection system
make sure you are thoroughly checked out and
aware of all special safety precautions inherent
to the system.

Cartridges removed for maintenance pur-
poses should be properly marked and stowed so
that they are reinstalled in their original loca-
tion. Some cartridges of ejection seat systems
have the same dimensions and appearance and
are physically interchangeable. Therefore, posi-
tively identify each cartridge on removal and
installation to prevent improper operation, the
results of which could be fatal toa crewmember
who needs to use the seat in an emergency.

EJECTION GUN INSTALLATION.Prior to
installing the catapult gun check the interchange-
ability plate located on the blanking bolts for the
correct location of the gun. Any attempt to fit the
wrong seat ( he ejection gun will be prevented
by the stop-block at the lower end of the main
beam engaging the projecting plate.

Install tne ejection gun on the lower pivot
block with the bolt head facing forward. Rotate
the gun forward and install the water seals and
auxiliary cartridges in their chambers. Using a
torque wrench and adapter, torque the caps as
specified in the applicable Maintenance Instruc-
tions Manual. In this case 550 inch lbs. Quality
Assurance must lockwire and affix the lead seal.

Attach the IFF switch to the crossbeam, then
position the gun so that the attach fitting mates
with the seat tilt scissor assembly and install
attaching hardware.

Cycle the catapult tilt assembly through its
full range of tilt before proceeding further.

Insure that the breech of the inner tube is
.npletely down on the intermediate tube guide

bushing and the main beam locating p.n slot is
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aligned with the centerline of the safety latch
opening.

ARMING THE GUILLOTINE.Install the
ground safety pin in the manual override handle,
disconnect the sear from the linkage, and remove
the firing mechanism.

Insert the special bonded dowdy seal and the
guillotine cartridge into the firing body. Insure
that the firing pin is not protruding from the
firing mechanism with the sear installed. Install
safety wire in the ground lock pin hole of the
sear. Install the firing mechanism and torque as
specified in the MEM.

Remove the safety wii- from the ground lock
pin hole and insert a temporary safety pin.
Quality Assurance must lockwire and affix the
lead seal.

ARMING THE POWER INERTIA REEL.
Remove the firing mechanism and check that the
firing pin is not protruding when the sear is in-
stalled. Insert safety wire in the safety pin hole
of the sear in the same manner as was done in
arming the guillotine.

Place the seal on the cartridge and install in
the breech. Torque the firing mechanism as
specified in the MIM. Quality Assurance must
lockwire and affix a lead seal.

Remove the safety wire from the safety pin
hole in the sear and install a temporary safety
pin. Connect the sear to the firing link.

SEAT INSTALLATION.Attach the seat
hoisting sling to attachment points of the seat.

WARNING: If the seat is dropped during in-
stallation, impact could cause ignition of the
rocket motor. Exercise extreme care during
installation.

Attach the alignment fixture in the extended
and locked position on the bottom and middle
slippers of the seat main beam with the retaining
pin installed on the top of the middle slipper.

Hoist the seat with alignment fixture over the
breech of the ejection gun. Remove the primary
firing mechanism and inner tube retainer from
the catapult gun. Lower the seat and actuate the
locking lever to lock the alignment fixture to the
breech of the ejection gun.

Slowly lower the seat until the top slippers
are just above the alignment fixture. Remove the
alignment fixture retaining pin and lock pin and
fold the top of the fixture. Continue lowering the
seat until the middle slippers are engaged in the
gun rails, then remove the alignment fixture.
Fully lower the seat and remove the hoisting
sling. Push down sharply to fully bottom the seat
on the rails.
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NOTES
I. ALL DIMENSIONS IN INCHES UNLESS OTHEITWIW

NOTED.

2. LAI111. HOLES IN CAlltIDGE SIOCX AS SHOWN
USING SLACK MASKING PEN,

3, APPLY TWO COATS Of INSIGNIA ENAMEL
(M44-7729, TYPE I, (0101 SCP7/ TO OUTSIDE OF
ASSIMILED GAITMOOS MOCK.

4. STENOS THE 14040S '3ANGTI EXPLOSIVES ON
TOP Of LID AND C.4 PIONS AND IIACX SIDES Of
MOCK USING INSIGNIA WHITE ENAMEL (Mal 4-7729
COLOI (7475)

BOLT WING NUT LID BOLT

DAN(IER
EXPLOSIVE

4 /2

/1

A
,

To

14"

TMILVINc

WASHER

CARD HOLDER

--

SCREW DATA CARD

BLOCK

3 3

0

SECTION A-A
DRILL lin NA. HOLE bAS2O2S7C41003
(Esl. PLACES) CONTINUOUS HINGE

HINGE

Figure 9-38.--Cartricige block.
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Rotate the top latch mechanism handwheel
counterclockwise and remove it. Insure that the
locking plunger is flush with the housing and the
indicating dowel is flush with the lockingplunger
as shown in figure 9-16. If the locking plunger
anu indicating dowel are not flush with the hous-
ing the seat is not properly installed.

The seat-to-aircraft connections consist of
connecting the drogue gun and time release trip
rods to the ejection gun crossbeam, connecting
the electrical connector for the seat actuator,
connecting the leg restraint to the deck fittings,
and connecting of the oxygen, communications,
anti-g, and vent lines to the aircraft connectors.
The disconnect lanyard from the personnel serv-
ices disconnect block is connected to the cockpit
deck fitting.

ARMING THE ROCKET MOTOR INITI-
ATOR.Remove the guard from the initiator
assembly, then remove the pip-pin and discon-
nect the gas line from the initiator connector.
(See fig. 9-36.) Connect the firing lanyard to the
drogue gun trip rod and install the safety pin.

With the sear inserted into the firing mech-
anism, insure that the firing pin does not pro-
trude. Install safety wire through the sear
ground lock safety pin hole. Install the correct
cartridge into the initiator body, insert the fir-
ing mechanism and torque as specified in the
applicable Maintenance Instructions Manual.

Remove the safety wire from the sear hole
and install a ground lock pin. Quality Assurance
AME will install the lockwire and affix a lead
seal to the firing mechanism.

With the safety pin installed in the sear,
press in on the sear and engage the firing link.
Reconnect the gas line and install the pip-pin
and guard.

ARMING THE DROGUE GUN.Check the
connection of the drogue gun trip rod to the
crossbeam of the ejection gun. Install the cor-
rect cartridge in the drogue gun barrel. Insure
that the firing pin in the drogue gun body is not
protruding and that the sear and ground lock pin.
are installed.

With the drogue cartridge inserted in the body
of the drogue gun, insert the barrel and tighten
to the torque specified in the applicable Mainte-
nance Instructions Manual. A Quality Assurance
Representative will lockwire the barrel-to-body
connection and affix a lead seal.

Complete the arming of the drogue gun by
connecting the controller drogue withdrawal line
to the drogue gun projectile. Refer to figure
9-22.

PRIMARY CATAPULT CARTRIDGE IN-
STALLATION.Remove the primary firing
mechanism and insure that the sear is installed
and the firing pin does not protrude from the
base. Install safety wire in the ground lock pin
hole of the sear. Install the cartridge into the
breech us ing a new water seal (See fig. 9-24.) In-
stall the inner tube retaining ring around the
firing mechanism and install the firing mech-
anism into the breech. Torque as specified in
the applicable Maintenance Instructions Manual.
Allow the Quality Assurance Representative to
lockwire the installation and affix the lead seal.

Remove the safety wire from the sear and
install a ground lock pin in its place. With the
safety pin installed, press forward on the sear
and engage the firing linkage.

Check that there is no safety pin in the power
inertia reel and the guillotine sears. As the last
step of the seat preflight before entering the
cockpit the pilot or a properly qualified plane
captain removes the six ground lock pins and
flags and stows them in their container.

Upon return of the aircraft from a flight the
ground lock pins and flaps must be installed
immediately to prevent inadvertent ejection of
the seat and canopy.

Seat dearming and removal is essentially the
reversal of the instajation and arming proce-
dures. AH ma.-tenance must be performed as
specified in the applicable Maintenance Instruc-
tions Manual.

Special "Thols and Equipment

Each ejection seat model requires certain
special tools and equipment for safe mainte-
nance and handling. Of course, some of these
special tools have the same name, but their use
cannot be interchanged. For instance, hoisting
slingsthere are Martin-Baker hoisting slings,
ESCAPAC hoisting slings, and LS-1 hoisting
slings, and each one is suitable for the one seat.
Figure 9-39 illustrates the sling used with the
Martin-Baker ejection seat.

When the ejection seat is removed from the
aircraft, a dolly or cradle is used to move or
merely support the seat. Figure 9-40 illustrates
the ejection seat maintenance cradle assembly
designed for the Martin-Baker seat.

The seat track is the same as the track on
the ejection gun. The seat is made fast to the
track and is adjustable to several positions for
ease of maintenance.
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Adjustment is accomplished by rotating the
track and arm assembly around the sector as-
sembly and pinning it in the desired position on
the sector by use of a quick-release pin.

ROCKET ASSISTED EJECTION
CATAPULT ESCAPAC 1-C3

Another of the latest types of ejection sys-
tems used in naval aircraft is the rocket assisted
ESCAPAC system. The ESCAPAC like the
Martin-Baker has several variations between
seat models. Seat modifications have been in-
corporated to provide the occupant with an im-
proved escape and recovery system by incorpo-
rating a seat stabilization and snubbing device
which assures directional stability during ejec-
tion and positive seat-man separation. The
stabilization and snubbing device is referred to
as the Directional Automatic Realignment of
Trajectory (DART) stabilization and snubber
system.

DESCRIPTION

Following initiation of the ejection, the
system is fully automatic through the ejection
sequence of rocket thrust, rocket burnout, seat-
occupant separation, parachute pack opening,
deployment, and full canopy inflation.

The ESCAPAC 1-C3 ejection seat utilized
AM.188 with the A-4F aircraft and discussed in this

Figure 9-39.Ejection seat hoisting sling chapter provides escape capability from ground
assembly. level at 0 knots airspeed to all altitudes and air-

speeds within the operational limits of the air-
craft.

Figures 9-41 and 9-42 show the front and
SECTOR

back views of the ESCAPAC 1-C3 seat and its
ASSEMBLY various components.

PIN AND The seat assembly, constructed almost en-
LA NYAR D tirely of aluminum, provides minimum weight

to prevent loss of energy. As in the Martin-
Baker seat, two ejection handles are incorpo-
rated into the seat structureone above the

TOW BAR occupant's head, connected to a face curtain to
ASSEMBLY cover the face for added protection; andanother

on the front of the seat bucket to be used in
emergency conditions, in the event excessive g
force, wounds, or shock prevent the use of the
face curtain handle. Both handles initiate ejec-

SUPPORT
tion without any extra apparatus.

PLATE An ejection control safety handle is contained
between the two headrest pads. When the safety

AM.189 handle is in the full down position, both ejection
assembly. control handles are in a safe condition.

SEAT
TRACK

Figure 9-40.Ejection

SWIVEL
ASSEMBLY

seat cradle
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A.M.156
Figure 9-41.Rocket catapult ejection seat

(A-4FESCAPAC 1-C3).

A firing control disconnect assembly is lo-
cated aft of the face curtain control handle and
consists of a firing control disconnect assem-
bly, a safety lockpin, and a cable assembly. The
face curtain control handle cables and the Eec-
ondary control handle cable are attached to the
disconnect assembly and actuate the assembly
when pulled. The disconnect assembly provides
necessary mechanical action to actuate the
inertia reel assembly and the rocket catapult
initiators.

The firing control disconnect assembly con-
trols both the firing of the rocket catapult and
the release of the face curtain handle cables
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a.r.r, L.' \Air, ;;,:ve.
e t ri ec t ion control handle.

3. Dual n.:.adres',.s.
4. 1:jectivn control safety "Lever and handle.
5. Shoulder harness disconnect cable.
6. Separation bladder (2 plac.is).
7. Parachute arming lanyard channel.
8. Harness release fittings.
9. Harness release handle.

10. Leg protection side sapport.
11. Secondary ejection cor.trol handle.
12. Survival kit separation system.
13. Inertia reel manual control assembly.
14. Roller fitting (6 places).
1.5. Rubber coated parachute support shelf.

and/or the secondary ejection control handle
cables from the seat during ejection.

Figure 9-43 shows the various seat cable
assemblies.

The seat stabilization system counteracts
the adverse effects of aerodynamics and varia-
tion of the center of gravity of the seat-man
Combination during the rocket burning stage.
The stabilization system is installed on the
underside of the seat bucket and consists of
two brake units, a deployable bridle arrange-
ment, and four nylon drag lines. Portions of
the system lines are stowed in two fabric
pouches mounted on the seat.

The ESCAPAC seat also features a separa-
tion system to release the occupant upon ejection
from the seat structure. A harness release
beirank assembly located behind the seat re-

ies all connections of seat and occupant
after ejection from the cockpit. An inflation
bladder system employs two nylon bladders,
one on the seat bottom and one at the seat
back, which inflate with pressurized gases to
forcibly separate the seat from the occupant
after harness release occurs.

The separation system also releases the
ejection control handle (whichever might be
used), and allows the occupant to maintain a
grip on it during his descent and after seat
separation. This release of either 1.3tion
control handle is governed by the firing t.:.introl
disconnect assembly, which operates in unison
with the bellcrank harness release system.

A semirigid parachute pack is incorporated
into the ESCAPAC seat and provides lower back
support. The parachute used with the ESCAPAC
1-C3 ejection seat discussed in this sei:tion has
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Figure 9-42.Ejection seat assembly (ESCAPAC 1-C3rear view).
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Nomenclature for figure 9-42.

1. Rocket catapult-seat attachment bolt. 14. Harness release actuator manual detent pin.
2. Catapult firing control. 15. Harness release actuator firing pin shear.
3. Firing controls disconnect assembly. 16. Harness release actuator firing pin assem-
4. Face curtain left-hand control cable. bly.
5. Catapult support bracket assembly. 17. Separation bladder flex hose assembly.
6. Catapult initiator firing rods. 18. Roller (6 rlaces).
7. Power inertia reel cartridge. 19. Rocket o-,tapult blast shield.
8. Firing control disconnect cable. 20. Separat,bn blPdder tubing (seat back).
9. Separation bladder tubing. 21. Secondarj eie lion control cable.

10. Nitrogen bottle. 22. Inertia reel manual control cable.
11. Secondary ejection control disconnect pulley 23. Shoulder harness inertia reel assembly.

assembly. 24. Floor attazhinb
12. Harness release actuator. 25. Seat stabilirthon system.
13. Harness release handle.

an external pilot chute and a ballistics skirt
spreader which provide posthve canopy deploy-
ment and inflation.

An automatic release actuator is employed
on the parachute to provide automatic parachute
opening below 14,000 (-I-500) feet and to prevent
automatic opening above this preset altitude.
When the seat occupant ejects above 14,000
(± 500) feet, the parachute will delay opening until
he has descended to 14,000 (±500) feet (plus a
3/4-second time delay). When ejection occurs
below this altitude, a delay mechanism prevents
parachute opening until after seat-man separa-
t ion.

NOTE: The NB-11 parachute ballistics skirt
spreader should be considered dangerous like
other pyrotechnic devices. lf, during parachute
removal or installation, for any reason, the
parachute pack is accidentally opened, the AME
should immediately contact an aircrew survival
equipmentman (PR) so that the ballistics spread-
er can be safetied. Any attempt to pick up the
parachute, shroud lines, and pack to transport it
to the survival equipment work center could re-
sult in firing of the ballistics cartridge device.
Sbce the type of parachute used in various air-
craft is ..:;ubjected to rapid change, always check
the current MIM for the arcraft being worked on
for specific parachute removal and installation
procedures and handling :precautions.

The ESCAPAC seat may be adjusted to
various positions to provide for pilot comfort
by operating the eject ion seat actuator assembly.

NOTE: Operation of the ESCAPAC seat is
closely interrelated with release of the cockpit
canopy.

WARNING: High explosives contained within
the ESCAPAC rocket can cause serious injury or
death to anyone unfamiliar with its operation.
Carelessness on the part ol qualified personnel
and departure from the Maintenance Instructions
Manual procedures is equally dangerous. All
repairs performed on the seat must be accom-
plished by highly qualified personnel in strict
accordance with the procedures in the applicable
Maintenance Instructions Manuals.

EJECTION SEQUENCE

Under conditions where ejection must be
made immediately, the pilot grasps the face
curtain handle (or secondary firing control
handle) and pulls steadily. (See fig. 9-44.) As
either handle is actuated, the canopy jettison
initiators and inertia reel booster initiators
are activated, the inertia reels retract the
...oulder harness and the canopy jettisons.

As the canopy is jettisoned, the canopy seat
interlock lanyard actuates two initiators. Gases
generated by the initiator cartridges actuate
the canopy interlock assembly. Gas pressure
against the rod end of the actuator releases the
canopy interlock stop, allowing additional ejec-
tion handle travel.

Continued pull on the face curtain control
handle or the secondary handle moves the firing
control disconnect assembly counterclockwise.
The catapult initiator firing rod assembly moves
against the initiator cranks, and the rocket cata-
pult initiators are activated. Gases generated by
the firing of the initiator cartridges fire the
rocket catapult and move the seat upwards.
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NOTES

FACE CURTAIN REMOVED
FOR CLARITY.

EMERGENCY BEACON LANYARI
USED WHEN PILOT EMERGENCY
BEACON (AN/PR T- 3) IS
INCORPORATED IN THE
RSS'(-8 SURVIVAL KIT.

10

11

1

TO CANOPY EXTERNAL
EMERGENCY JETTISON
HANDLE

6

EYEBOLT

NYLON CORD

SNAPHOOK

AFTER ACC 139

1. Face curtain RH control cable.
2. Face curtain LH control cable.
3. Canopy interlock release cable assembly.
4. Inertia reel manual control cable.
5. Secondary ejection control cable.
6. Pilot emergency beacon lanyard.
7. Secondary ejection control cable (handle assembly).
8. Harness release handle cable assembly.
9. Parachute arming lanyard (cable).

10. Firing control disconnect cable assembly.
11. Shoulder harness disconnect cable assembly.

Figure 9-43.Ejection seat cable assemblies.
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THERMAL RADIATION CLOSURE

CANOPY

FACE CURTAIN

CANOPY PNEUMATIC BUNGEE (SEPARATED)

® CANOPY SEPARATION

ESCAPAC ASSEMBLY

SNUBBER ASSEMBLY

EXTERNAL
PILOT CHUTE
DEPLOYMENT

EJECTION SEAT \Th
GUIDE RAIL

VIG

SEAT BOTTOM COVER

DART BRIDLE
AND LINES

CANOPY PNEUMATIC
BUNGEE (ACTUATED)

FACE CURTAIN EJECTION
CONTROL HANDLE (PULLED)

N.

Nov

0 CANOPY UNLOCK

MAIN RECOVERY PARACHUTE

EXTERNAL PILOT CHUTE

0 SEAT EJECTION

FACE CURTAIN
(SEPARATED)

SHOULDER HARNESS
AND LAP BELT SEPARATED

EXTERNAL PILOT
CHUTE DEPLOYMENT

11 BAG

;

14 imam

INO PARACHUTE
ACTUATOR

%
ARMED

EMERGENCY SURVIVAL
EQUIPMENT (EMERGENCY
OXYGEN SUPPLIED AND
EMERGENCY BEACON
ACTIVATED)

SEPARATION BLADDERS (INFLATED)

SNUBBER LINES

0 SEAT/PILOT SEPARATION

INTERNAL PILOT CtiUTE

® PARACHUTE INFLATION

SPREADING GUN

Figure 9-44.Ejection seat sequence (zero-zero).
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The rocket, building up thrust, begins to
raise the seat out of the cockpit area. (See fig.
9-44, view C.) Anti-g and oxygen hoses break
away from the cockpit anti-g and oxygen control
panel, and the pilot begins to breathe emergency
oxygen from the cylinder cuntained in the sur-
vival kit. The force of acceleration draws the
pilot's legs down and back against the front
panel of the seat assemb'y.

Further travel of the seat up the guide tails
causes the harness release actuator sear to hit
the striker plate, removing the sear andfirirg a
1- second time delay cartridge. As the seat nears
the top of the guide rails, the rocket sustainer
portion of the rocket catapult is ignited. The
2,000 pounds (approximately) per second im-
pulse rocket catapult accelerates the seat to a
safe descent level.

As the seat travels upward after leaving u,ie
rails, the seat stabilization and snubbing system
contained in the seat and connected to the cockpit
floor is deployed, imparting corrective rota-
tional forces to assure proper orientation of seat
and pilot, at rocket burnout, for a successful
ejection.

Explosion of the delay cartridge causes a
piston within the harness release actuator to
rise and break the tit fogen bottle diaphragm.
In its travel upward, the piston also actuates a
bellcrank attached to a clevis at the lower end
of the piston. The belicrank, rotated counter-
clockwise, releases the left- and right-hand lap
belt pins and the shoulder harness cable as-
sembly. The pilot is no longer secured to the
seat.

When the bottle is ruptured by the piston
in the harness release actuator, compressed,
dry nitrogen stored within the nitrogen bottle
travels through hose assemblies into the two
inflation bladdersone under the seat assembly,
and one behind the parachute kit. As the bladders
inflate, the pilot (with survival gear attached) is
separated from the seat assembly. The firing
control disconnect releases the cables attached
to the face curtain and/or secondary ejection
control handle, allowing the pilot after seat sepa-
ration to maintain a grip on whichever handle is
used for seat ejection.

A parachute actuator arming lanyard is actu-
ated as the seat/man separation occurs, arming
the automatic parachute actuator. An external
pilot chute static line routed beside the parachute
actuator arming cable is spot tacked (tied) to
various points of the arming cable. A ring on the
end of the static line is fitted over the swaged

ball end before the ball end is fitted into the
harness release handle.

Simultaneous with seat/man separation and
arming of the automatic parachute actuator, ten-
sion on the external pilot chute static line causes

, the external pilot chute to deploy, insuring rapid
deployment of the pilots main chute. (See fig.
9-44, view D.) If the aircraft speed is above 120
knots, the external pilot chute connection to the
main chute is disconnected by a separation link
and the internal pilot chute assists in main chute
deployment.

The parachute is set to open within 3/4 sec-
onds, if the ejection was initiated below the
preset altitude, or after freefall to the preset
altitude of 14,000 ± 500) feet (plus a 3/4-second
delay).

If the ejection is over water, the pilot must
pull the seat park release handle to deploy the
life raft. The life raft will automatically inflate
and suspend from a 20-foot lanyard. Deploying
the RSSK-8 seat pack is not recommended for
ejections over wooded areas. The survival kit
contains the emergency oxygen supply, the life
raft, and survival supplies for use until rescued.
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DESCRIPTION AND OPERA-
TION OF COMPONENTS

The various components of the ESCAPAC
system may be divided into the following
groupsejection equipment, separation equip-
ment, survival equipment, and safety equipment.

Ejection Equipment

Ejection equipment consists of all compo-
nents used or related to the ejection of the seat
and occupant from the cockpit. Components of
ejection equipment include the following:

Seat assembly.
Cable assemblies
Mk 13 Mod 0, 1, or 2 rocket catapult.
Firing control disconnect assembly.
Face curtlin ejection control handle assem-
bly.
Secondary ejection control handle assembly
Seat stabilization system.

Normal ejection occurs as the overhead
face curtain ejection handle is pulled forward.
If emeigency conditions prevent reaching up-
ward to the face curtain ejection handle assem-
bly, the secondary ejection handle locatedon the
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front seat beam of the seat assembly is used. In
pulllng either handle, the firing control discon-
nect assembly is actuated.

The face curtain and secondary ejection con-
trol handle cable assemblies are connected to
the firing control disconnect assembly. A har-
ness release bellcrank assembly, located on the
lower aft portion of the seat, releases all con-
nections between seat and occupant after ejec-
tion from the cockpit.

SEAT ASSEMBLY.The seat assembly con-
sists of a lightweight, alumirum structure offer-
ing maximum comfort and protection. A dual
strap power inertia reel, located below the ejec-
tion control safety handle, attaches to thJ
survival equipment shoulder harness. The
inertia reel automatically positions the pilot in
the correct attitude for the ejection sequence.
The inertia reel is governed by a manual control
lever located on the left-hand side of the seat
bucket.

A manual harness release handle is located
on the right-hand side of the seat bucket to pro-
vide emergency release and normal removal and
installation of the survival equipment. A harness
release actuator is installed at the right-hand
back of the seat structure. The actuator contains
a nitrogen storage bottle at its top and a piston,
connected by a clevis to the bellcrank, at its base.

A sear, protruding from the right-hand side
of the seat structure, actuates the firing pin as-
sembly within the actuator upon seat ejection.
A blast shield, held in position with 12 screws
and washers, protects the bellcrank area from
rocket blast upon detonation.

The ejection seat assembly is installed in
the aircraft by attaching the upper bracket of
the seat structure to the rocket catapult attach-
ing eye. The rocket catapult is attached at the
base of the launcher tube to the seat actuator
assembly which is mounted on support
brackets.

Two guide rails, installed on the canted bulk-
head, engage three rollers mounted on each side
of the ejection seat, permitting proper vertical
direction of the seat out of the cockpit, while also
acting as a guide for normal raising or lowering
of the seat by the actuator assembly.

CABLE ASSEMBLIES.Various cables are
integrated into the rocket catapult seat structure
to provide effective use of the seat components.
(See fig. 9-43.)

1. The firing control disconnect cal as-
sembly is attached to the haess release bell-
crank. Downward movemnt of the cable allows

separation of the control handles from the
ejecUon seat.

2. The seco.idary ejection control handles
cable assembly leads from the front face of
the seat bucket and attaches to the secondary
firing control pulley under the seat structure to
provide a secondary ejection handle for use in
emergency conditions.

3. The harness release handle cable as-
sembly leads from a holder on the right-hand
side of the seat assembly and connects the har-
ness release handle to the outer arm of the bell-
crank assembly located under the seat structure.

4. The parachute actuator arming cable and
housing is fitted into a forked pin on the harness
release handle and travels upward in a metal
channel on the right-hand side of the seat and
into the parachute assembly where it is hooked
to the automatic parachute actuator. Pulling of
the -.able from the parachute arms the auto-
matic actuator.

5. The shoulder harness disconnect cable
assembly leads from the bellcrank to the
shoulder harness disconnect housing at the base
of the dual strap inertia reel and provides an
anchor point for the extension of the dual straps
of the inertia reel.

6. The inertia reel control cable assembly
leads from the inertia reel manual control lever
on the left-hand side of the seat structure to the
dual strap inertia i eel at the base of the head-
rest assembly. Actuation of the control cable as-
sembly permits manual selection of a locked or
unlocked condition of the inertia reel. Cycling
of the manual control lever from UNLOCKED
to LOCKED and back to UNLOCKED releases an
intertially induced locked condition of the reel.

ROCKET CATAPULT MK 13 MOD 0, MK 13
MOD 1, or MK 13 MOD 2.The Mk 13 Mod 0
rocked catapult on aircraft not reworked per
ACC 103 (Int) and the Mk 13 Mod 1 rocket catapult
on aircraft reworked per ACC 103 (Int)or Mk 13
Mod 2 are self-contained, gas-initiated rockets
designed to eject the pilot and seat from the air-
craft.

When a control handle is pulled, an initiator
is activated. Pressurized gases created by the
initiator cartridge retract the shoulder harness
and jettison the canopy. A canopy-seat interlock
lanyard assembly is removed when the canopy
is jettisoned.

Continued pull on the control handle fires
two initiators, introducing pressurized gases
into the catapult firing system which initiate the
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firing pin in the lower p rt of the catapult tube.
(See fig. 9-45.)

The gas pressure shears the pin which holds
the catapult firing pin in place. The firing pin
travels approximately 3/4-inch developing
enough energy to fire the percussion primer in
the cartridge assembly. Pressure createdby the
cartridge firing causes the ilock sleeve to move
downward 1/4,ompzessing the unlock spring and re-
leasing the lower tangs of the lock and pad

SEM TRUNNION

assembly. With the lower tangs released, move-
ment of the rocket motor assembly begins and
the seat goes up the guide rails.

As gas from the main cartridge charge ex-
pands and drives the assembly up the outer
housing, the nozzle is kept sealed by the motor-
lock disc. Near the end of the catapult stroke,
the motion of the unlocked sleeve is stopped by
interference with the front body housing.

-SOLID GRAIN PROPELLANT

RC/NI BODY HOUSING

OC KE T MO TOR

--SHEAR PIN (4)

J1111f1 HOUSING--

-PROPFLLANT
STICKS

UNLOCK SLEEVE-

LOC K AND PAD ASSEMBLY-

UNLOCK SLEEVE

UNLOCK !,PRING

AM. 163
Figure 9-45.Rocket Catapult idk 13 Mod 0, 1, or 2 .
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When the rocket motor hi,s traveled approx-
imately another 0.8-inch, the shoulder on the
lock and pad assembly strikes the immobilized
unlock sleeve and stops. This action ieleases
the upper tangs of the lock and pad assembly
and unseals the rocket motor nozzle. Hot gases
pass into the rocket motor assembly through the
nozzle and ignite the rocket motor ignition ma-
terial which in turn ignites the solid-propella.A
grain.

The rocket motor then leaves the outer hous-
ing and provides the thrust requiredto carry the
seat-man mass to a sufficient height for safe
descent. Figure 9-46 illustrates the ignition se-
quence of the Mk 13 rocket catapult.

FIRING CONTROL DISCONNECT ASSEM-
BLY.The firing control disconnect assembly
(fig. 9-47) is located aft of the face curtain con-
trol handle and consists of a firing control dis-
connect assembly, a safety lockpin, and a cable
assembly. The face curtain control handle cable
and the secondary ejection control handle cable
are attached to the disconnect assembly and
actuate the assembly when pulled. The discon-
nect assembly provides necessary mechanical
action to actuate the inertia reel assembly and
the rocket catapult inRiators.

The firing control disconnect assembly ctm-
trols both the firing of the rocket catapult and
the release of the face curtain handle cables
and/or the secondary ejection control handle
cables from the seat during ejection. As the
canopy clears the ejection path, the seat-canopy

SE AT TRUNNION SOLID GRAIN PRO LANT

interlock is removed, allowing the firing con-
trols disconnect assembly to pivot forward and
actuate the initiator firing rods. As the firing
rods move aft, the rods actuate the initiators,
the power inertia reel retracts to position the
pilot properly for the ejection sequence, andthe
catapult f i res.

As the seat moves up the guide rails, the
harness release actuator is armed by the
striker plate. After a 1-second delay, the har-
ness release actuator fires, rotates the bell-
crank attached to the harness release actuator
piston, and releases the lap belt and shoulder
harness pins. A clevis on the piston contacts the
firing control disconnect arm.

The actuating arm downward movement pulls
the firing control disconnect cable and withdraws
the spring-loaded firing control disconnect pin
on the upper end of the disconnect cable. The
disconnect pin and spring are located within the
firhig control disconnect housing. Wiutdrawal
of the disconnect pin in the housing releases the
firing control release fitting, and both control
handles disconnect. Separation of the cables on
the face curtain or the secondary ejection con-
trol handle completely disconnects the pilot
from the seat while maintaining a grip on either
ejection control handle.

The firing control safety lockpin is channeled
into the ground safety socket. When the ejection
control safety handle is pulled down, the safety
lockpin ro.sts against the safety handle lockpin,
preventing movement of the firing control dis-
connect assembly.

NOZ ZLE PLUG OU ER HOUSING

PRIM R

ROCKE MO TOR UN .00K
5I FVF

L CK AND PAD UNLOCK
ASSFMRLY qLEEVE

UNLOCK SPIII

FIRING P

11-41;.Itockol C;11,t1iiilt Mk 1:1 !Awl (), I, or Itttillnet.
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Figure 9-47.Firing control disconnect as-

sembly.

The firing control release fitting provides for
detent and release of the control handle cables,
The fitting is held in the detent position by the
springloaded firing control disconnect pin. When
the pin is withdrawn from the fitting by the down-
ward movement of the firing control cable as-
sembly, the fitting 18 released, allowing separa-
tion of the control handles.

FACE CURTAIN EJECTION CONTROL
HANDLE ASSEMBLYThe face curtain ejec-
tion control le:Ladle aBsembly (fig. 9-48) consists
of a molded-rubber handle, guide tube (with
encased spring), a nylon face curtain, and two
cables. The control handle assembly is con-
nected to the firing control disconnet assembly
by two cables.

When the face curtain ejection controlhanen
is pulled out and down with sufficient force to
overcome the tension supplied by the spring, the
detent bars are released from the sockets and
the Heat ejection sequence is initiated.

The handle has black and yellow stripes
and ite identified PULL TO E.luvr SEAT. Han-
dle construction Is flexible enough to permit
removal of the detent bars from the face curtain
guide tube, allowing removal and installation nt
the facet curtain.

The face curtain consists of a rectangular
strip of nylon. The forward portion of the face
curtain is fit*ed rtrolend the guide tube to permit
forward n 'I -it when the ejection control
handle ai n.)v pulled forward. Two cables
extending A. tne _iring control disconnect as-
sembly are t". ..thed with swaged fittings. The
cables, which lead to the spring tensioned guide
tube, are attached to the face curtain. When using
the face curtain ejection control handle assembly
the two cables connecteci to the handle are re-
leased from detents in the ejection control
pulleys to separate the handle, gripped by the
pilot, and the cables from the ejected seat.

SECONDARY EJECTION CONTROL HAN-
DLE.The secondary ejection control handle
(fig. 9-49), located on the front face of the seat
bucket, is used only in emergency circumstances
for Beat ejection when he, face curtain handle
malfunctions or is not available to the pilot,
either because of excessive g force, shock, or
injury.

The secondary control handle is a rectan-
gular, yellow and black striped handle, desig-
nated on the upper surface PULL TO EJECT.
The handle is hinged on each Hide of the grip
area allowing it to fold aft when the control
stick is pulled back far enough to contact the
handle and folds forward during pilot-Heat
separation. A tension spring returns and main-
tains ;he handle in a vertical position.

NOTE: The ejection handle on Heats reworked
por AirCrew Change 139 consists of a cable and
molded rubber handle assembly and iti not hinged.

The lower portion of the assembly connects
to the secondary ejection control pulley mech-
anism on the lower surface of the ejection Heat,
All tile handle is pulled upward, the cable from
the handle rotates the pulley mechanism beneath
the seat which, in turn, actuates the disconnect
assembly that jettisons the. canopy and fires the
rocket catapult.

After pilot and seat separation, the secondary
ejection control handle. Is disconnected from the
seat struicture, allowing the pilot to maintain a
grip on the handle during th.scont.

INTERLOCK CAM AND PIN ASSEMBLY.
The interlock cam mei pin assembly is located
on the left tilde of the canted bulkhead. Its pur-
pose hi to prove nt the seat ejection prior to
canopy jettison :eel accidental ignition of the
catapult rocke1 during maintenanc,, operations.
Figure 9-!,0 nhows the intorclock rain and pin
assembly with the safely pin block atmembly
installed. Thiti 1,priqn6lIts one of the nerve safety
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Figure 9-48. Face curtain control handle.

devices used to safety the seat when the aircraft
IS on the ground.

The spring-tensioned pin is attached to a
cable and a retainer. The aft portion of the pin
protrudes through a hole in the interlock support
and is held in place by the interlock cam. The
firing control disconnect assembly Is thus held
in position and eliminates the possibility of
firing the rocket catapult prior to canopy jettinon
as the disconnect must be pulledforward to fire.

During the ejection cycle the canopy pulls the
interlock pin assembly as the canopy clearn the
ejection path. The interlock, free of the pin,
allows further pull on the ejection control handle,

SAT STABILIZATION SYSTEM.The seat
stabilization t-ystern prevents the seat from
rotating forward or aft during, the rocket !wiling
stage, and provides consistent and predictable
trajectory paths.

The stabilization Hytttein in inntalied on the
underside of the Heat bucket and consistn of two
brake units, a deployable bridle a:rangement,
and foul nylon drag lines. Portions of the HI/w-
henu linen are ntowed hi two fabric jx)uchets
mounte(1 on the neat. The lines are routed

AM.165

through the brake units and through the eye of
the bridle. At the eye, the remaining lengths of
the system lines are gathered and covered with
a flame retarded sleeve. The covered section of
the line Is stowed in a deployable pouch, and the
end is attached to the aircraft floor structure.
(See fig. 9-42,)

As the neat ejects, the slack line stowed in
the deployable pouch pays out and the bridle
drops into position. At apreprogramed distance,
the system lines are pulled through the brake
units, developing a preprogramed force in the
linen and, consequentP , a moment of force
around the system co titer of gravity which
counteracts any adverse rotation of the Heat,

Sparation Equipment

Th separation equipment include:4 all com-
ponents which rentrain, release, and forcibly
neparate nat from pilot. after seat ejection.
Separation equipment is shown in figure 0-51.

Upon te.at ejection, an ti e neat and occupant
accelerate upward and out of the cockpit, a
striker plate attached to the right-hand guide
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Figure 9-49.Secondary ejection control handle.

rail hits the firing sear of the harness release
actuator firing pin, arming the delay cartridge,
located within the harness release actuator.

After a 1-second delay, the cartridge fires
and performs two simultaneous actions: it
ruptures the nitrogen storage bottle diaphragm,
releasing dry nitrogen to inflate the separat'on
bladders; and it rotates and locks the bellcrank
assembly in its full up position.

The piston rod is attached to the bellcrank
assembly by a clevin and pin arrangement. AS
the piston 18 impelled upward, the clevld striken
the firing control disconnect annembly actuating
arm. When the arm IN actuated, tlw ejection
control handles are free to be t.parated from
the twat.

Additional action of t i h Hcrank, when
inovA to the up position, retractn tlw uhoulder

etni dinconnect cabio to relearn tlw inertia
el straps and retraeni the lap twit retaining

phis frmn th t: .at strIwture ta, reloase the lap
fit

Nitrogen gas travels through aluminum tubing
to inflate the separation bladders, separating
seat from occupant.

It should be noted that all functions of the
separation system occur concurrently, rather
than successively, in one instantanious proce-
dure to release and forcibly separate the
occupant from the seat. In the event of a crash
landing, or under any circumstances when re-
moving survival equipment from the aircraft,
the emergency harness release handle, when
pulled upward, releases the shoulder harness
and lap belt stiaps allowing survival equipment
removal without detonating the delay cartridge
within the harness release actuatr

WARNING: The separation equipment in-
cludes the Mr.k 86 Mod 0 delay nrtridge which
is detonated by release of tin- sear on the firing
pin assembly. Do not manually remove sear from
firing pin assembly. Always remove entire firing
pin assembly.

HARNESS RELEASE ACTUATOR.The har-
ness release actuator initiates the separation
sequence during seat ejection. As shown In
figure 9-52 the actuator consists of a T-shaped
chamber. It houses a clevis and piston assembly
within the longer vertical chamber, and a delay
cartridge and firing pin a',sembly within the
shorter horizontal chamber.

The harness release actuator periorms three
functions when tl! cartridge i fired: ruptures
the nitrogen stor, liaphrIgm, actuates
the firing cont.: , Ain .oct .....adembly, and
positions the bell r .'- ssembly.

As the ,, yJek d and travels upward
along the r; , sear on the firing pin
assembly hit, he 141 ij! plate on the right-hand
guide rail, f ' t ,),, releases tl.e spring-
tent-dotted ft ia r h strikes the delay
cartridge. a ,r !) algned delay, the oar-
tridge fires a , the piston upward within
tl.e actuator.

The nharp J int ect head of the pista ;Jo-
tures the nitro...en sto: age bottle diapi,a.i4m,
ro leaning the coir.,- Wince dry nitrogen tc, t!!ia`:,.
the tvparation blaudern, The clevin
the mer end oi the piston ntrikes thi; Oring
control Ilsconnect actuating arm in its
upward, actuating the firing control dirwonnec.
assembly, Lantly, an arm of t" bellcrank
assembly, connected to the clev: 1 1 . otated,
positioning the bellcrank in a relca;:;(1 position.
'Phin retractn the lap belt and 81101110er harnens
release Orin.
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INTERLOCK CABLE
INTERLOCK CAM

iNTERLOCK PIN

FACE CURTAIN
INITIATOR(M99)

ROCKET CATAPULT
INITIATOR(M9'In

"INLOCK
ASSEMBLY

AM.1201
Figure 9-50.Interlock cam and ti,o

When tlw piston assembly is actuated by the
de:ay cartridge, it travels its ultimate distance
within the chamber of the actuator and is locked
by two locking dogs. This insures that lap belt
and shoulder harness pi remain retracted
without the piston moving downward and causing
the beilcrank to relock shou.der and lap belt
strap fittings.

The hari.ess release actuator ex.) be partia' 'y
actuated by the harness release handle on t
Oght-hand arm of the ejection seat. Upon
this handle, whieh attaches by cable to the

llerank assembly, the piston is movy(lupward
hao the acttr..to chamber. However, since a
pv,.:qed fitthu; o, the cable attaching to the
hi.rneln release lantik stops th( handly from
being pulled comtiktely, the piston will not rise
within the chant )er sufficiently to Were( 4he
Haphragni on th,: nitrogen storage Wale, ..or
will it locik 1i pcsition on the locking clogs within

chamber. It will stay in the partially up

1, held by a manual detent pin located at
,per end of the actuator. The manual detent

' protrudes through the right-hand side of the
at assembly. By pulling the manual detent pin,
return spring repositions the piston and bell-

crank in their normal position.
HARNESS RELEASE ACTUATOR MANUAL

DETENT PIN.The harness release actuator
mantrtl detent pin, located below the nitrogen
storage bottle on the harness release actuator,
protrudes outboard of the actuator on the right-
hand side of the seat structure. (See fig. 9-52.)
The pin extends into the upper chamber of the

,tuator and locks the piston head in the harness
.lease position when the harness release
andle is pulled. The knob at the outboard end of

the manual detent pin is manually pulled to
depress the spring and release the harness
release actuator piston.

The manual detent pin performs no function
upon actuation of the delay cartridge during
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Figure 9-51.Separation equipment.

ejection, as the piston head, at this time, travels
beyond the detent pin; therefore, its operation is
limited to manual only for removal or installation
of the parachute and other survival equipment.
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LOCKING DOGS.The locking dogs are lo-
cated at the lower end of the harness release
actuator, and are designed to lock the piston
with the actuator upon detonation of the delay
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Figure 9-52.Harness release actuator.

cartridge. The springs force the upper end of
the locking dogs into engagement withthepiston.
The locking dogs lock and hold the piston within
the actuator by engaging a shoulder at the lower
tapered end of the piston. Locking will occur
only upon firing of the delay cartridge since the
piston never travels to this lockedposition when
the harness release handle is utilized.

In the event of the accidental firing of the
delay cartridge, causing the piston te be locked
by the locking dogs, two 1/8-inch diameter rods
can be inserted into the base of the locking dogs
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(at both sides) and, by depressing the dogs, the
piston may be returned to its normal position.
(see fig. 9-52.) The actuator must be replaced
if accidentally fired.

HARNESS RELEASE ACTUATOR FIRING
PIN ASSEMBLY.The harness release actuator
firing pin assembly (fig.9-52), located in the
firing chamber of the harness release actuator,
consists of the following components: firing
pin, spring, guide, hex nut, and sear. The firing
pin is held in position by the sear which holds
the tensioned firing pin in place. As the sear
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comes into contact with the striker plate on the
right-hand guide rail, the sear is removed from
the firing pin, allowing the firing pin to strike
the delay cartridge, causing detonation and ini-
tiating the separations procedure.

HARNESS RELEASE ACTUATOR FIRING
PIN GUARD.The harness release actuator
firing pin guard consists of two pieces of
aluminum framing attached to the right-hand
guide rail. The guard covers the firing pin as-
sembly, connected to the harness release
actuator, and insures against the possibility of
accidental manual detonation of the delay car-
tridge by removal of the firing sear. The outer
extension of the guard must be disconnected in
order to remove the firing pin assembly from
the actuator while the ejection seat is installed
in the cockpit. Disconnecting two bolts and
washers from nut plates on the guard will sep-
arate the extension and permit removal of the
firing pin assembly.

STRIKER PLATE ASSEMBLY.The striker
plate assembly, located above midpoint on the
right-hand guide rail, provides the means of
removing the sear on the harness release actu-
ator firing pin as the seat travels up the guide
rails, actuating the firing pin and detonating the
delay cartridge. The striker plate is spring ten-
sioned and can be positioned aft to permit re-
moval of the firing pin mechanism. The striker
plate is bolted to the right-hand guide rail
through either of two sets of mounting holes. It
is subject to removal and installation only to
insure a minimum clearance of 0.063 inch by
the actuator sear in the depressed position and
s minimum engagement of 0.312 inch with the
sctuator sear in the extended position.

MK 86 MOD 0 DELAY CARTRIDGE.The
NIK 86 Mod 0 delay cartridge (when fired)
7,reates sufficient gaseous pressure to raise
the piston assembly within the harness release
tctuator to pierce the diaphragm on the nitrogen
storage bottle. The cartridge has a delay
teflon prior to detonation; that is, after the
Iring pin strikes the cartridge, a 1-second
,apse occurs before cartridge explosion.

Service life of the Mk 86 Mod 0 delay
3artridge is 5 years from the date of man-
tfacture. The cartridge may not be installed
onger than 18 months after opening the her-
n etically sealed container. The cartridge is sub-
ect to both the foregoing limitations.

NOTE: Several delay cartridges have the
iame dimensions and are physically inter-
:hangeable. However, the proper Jelay cartridge
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must be installed in the device for will /as
designed; otherwise, improper time J:e
could result in a casualty.

NITROGEN 3TORAGE BOTTLE.... ni-
trogen storage bottle provides the means of in-
flating the two separation bladders on the
ejection seat md is pressurized to 1,600 psi.
The bottle is installed on top of the harness
release actuator with a rupture fitting secured
by lockwire. The bottle is also secured by
lockwire to the harness release actuator as-
sembly. (See fig. 9-52.) The requirement to
lockwire the rupture fitting is dependent on the
type bottle. Following the instructions provided
in the MIM.

The nitrogen storage bottle is realed with
a metal rupture fitting which is punctured by the
pointed end of the harness release actuator as
the Mk 86 Mod 0 delay cartridge is fired.

Upon rupturing, compressed dry nitrogen is
reased into a hose and line assembly to in-
flate the separation bladders. An inspection hole
is provided on the front seat structure to deter-
mine whether a bottle is installed when the seat
is installed in the aircraft.

WARNING: In the event of accidental actua-
tion of the Mk 86 Mod 0 delay cartridge, the
nitrogen storage bottle must be replaced. Fail-
ure to comply will present a serious hazard upon
seat ejection.

SEPARATION BLADDERS.Two separation
bladders on the ejection seat, fabricated of latex
impregnated nylon, are folded against the seat
bucket and seat back structure. (See fig. 9-53.)
The bladders are connected to the seat with
right-angle special fittings secured in place with
jamnuts, lockwired to the connecttng metal tub-
ing. The bladder fittings protrude from the back
of the seat and connect through lines to the out-
let port on tup of the harness release actuator.

The separation bladders are covered with
oval-shaped, rubberized snap covers fitted ilto
studs attached to the seat structure. As the
bladders fill with nitrogen gas, the snap cover
fittings detach from the seat structure, allowing
bladders to fully inflate. The inflated bladders
lift the pilot up and away from the seat. Imme-
diate escape of pilot from seat is essential dur-
ing low-lc vel ejections.

WARNING: Do not step or stand upon sep-
aration bladder on base of seat with survival
equipment removed during maintenance in cock-
pit area. Cover base of seat assembly with foam
rubber or cloth pad before standing in seat as-
t,embly.
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Figure 9-53.Separation bladders.

HARNESS RELEASE BELLCRANK ASSEM-
B LY. The harness release bellcrank assembly,
located at the lower !-.1.ck of the seat structure,
consists of a dual-arm leverage assembly, con-
taining attachments which immediately sever
all connections of pilot from seat upon firing of
the harness release actuator. Connections from
the bellcrank assembly (fig. 9-54) are made to
the following components:

1. The clevis assembly of the release
actuator.

2. Right and left lap belt retaining pins,
holding lap belts to seat.

3. Shoulder harness disconnect cable (re-
lease shoulder harness straps).

4. Harness release handle cable (actuates
bellerank for manual harness release).

5. Return sprin,!. (to reposition bellcrank
upon actuation of harness reset manual detent
pin).
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Connected by one arm to the base of the
clevis assembly, the harness release bellcrank
assembly repositions as the clevis rises within
the actuator upon seat ejection. Repositioning
moves all components into a released position;
the shoulder harness inerda reel straps and the
left and right lap belt pins release as the clevis
piston travels upward. Figure 0-55 shows the
bellcrank in the fired position.

Actuation of the bellcrank may also be
effected through the harness release handle
on the right-hand side of the seat assembly,
which, when pulled upward, moves the bellcrank
to the released position, forcing the clevis up-
ward into the harness release actuator, and
locking it with the harness release actuator
manual detent pin. Manually pulling the detent
pin, protruding from the right-hand side of the
seat assembly, resets the entire mechanism into
its normally locked position.
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AM. 170
Figure 9-54.Harness release bellcrankstatic position.
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SHOULDER HARNESS DISCONNECT CABLE ASSEMBLY
r

PULLBACK SPRING

Figure 9-55.Harness release bellcrankfired position.
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LAP BELT RETAINING PINS.The lap
belt retaining pins attached to the harness
release bellcrank are long rods which extend
outboard from the bellcrank into the left and
right structure of the seat assembly, protruding
one-sixteenth inch from the sides of the scat
when the belicrank is in its normally locked
position. The lap belt retaining pins secure the
lap belt end fittings to the seat during normal
flight operations.

Upon seat ejection, actuation of the bellcrank
will reposition retaining pins into an unlocked
position by setting them upward and inboard
toward the central portion of the seat structure.
The retaining pins will remain in the released
position as the bellcrank locks into the harness
release actuator by the .piston upon firing of the
delay cartridge within the actuator. Lap belt end
fittings are then no longer locked to th seat
structure and pull away to permit the separation
of pilot and seat.

SHOULDER HARNESS INERTIA REEL AS-
SEMBLY.The shoulder harness inertia reel
assembly (fig. 9-56) consists of an inertia reel
located in the lower headrest area of the ejec-
tion seat and a control assembly on the left-hand
side of the seat bucket. A flexible control cable
couples the two units and permits manual lock-
ing and release of the inertia reel. The straps
are able to withstand severe tensile loads with
complete safety.

Normally, the inertia reel will extend or
retract automatically; however, when the air-
craft encounters excessive g forces that tend
to throw the occupant from the seat, such as
in a crashlanding cOndition, the reel outumatic-
ally locks the shoulder harness, .:.ee:i.rdlis of
the occupant's position. This lucking action
prevents further harness extenion, but permits
the occupant to return to a normal itt:n posi-
tion and, at the same time maintains locking
action .

On the A-4F aircraft, the ineitia reel is of
the powered type. It provicks automatic pewer
retraction of the straps upon initiation of the
ejection sequence to insure optimum body po-
sitioning.

INERTIA R EEL MANUAL CONTROL L EV ER
ASSEMBLY.The inertia reel manual control
lever assenthly provides instant selection of
either the locked or the unlocked position. The
control assenthly, located on the left hand
of the seat bucket, is a spring-tensioned lever
(fif.;. 9-56).

Under normal orditions the control lever
assembly will be in the LOCKED position for
takeoff and landing. It will otherwise be placed
in the UNLOCKED position during normal flight
for greater freedom of movement. During ad-
verse flying conditions, the reel can be locked
by placing the control lever in the LOCKED po-
sition. Leeking the inertia reel prevents exten-
sion of the harness straps and secures the pilot
firmly against the seat back. Quick retraction
of the harness straps will not affect the LOCKED
or UNLOCKED attitude of the reel.

SHOULDER HARNESS DISCONNECTCABLE
ASSEMBLY.The shoulder harness disconnect
cable assembly (fig. 9-56) provides a means of
securing the shoulder harness inertia reel
straps to the seat structure. The upper end of
the cable assembly is attached to a pin that is
normally contained in a recess located in the
seat structure. The lower end of the cable is
attached to the bellcrank assembly. When the
bellcrank is rotated, the cable pulls the pin
downward a sufficient distance to release the
inertia eel dual strap fittings.

Two holes are located in the seat back struc-
ture to permit a direct vertical attachment of
the cable from the pin to the bellcrank. The cable
is routed from the pin through a hole located
below the pilot's headrest. The cable travels
down the forward side of tlw seat back, passes
through a hole at the lower end of the seat back,
and is attached to an arm of the bellcrank as-
sembly.

The shoulder harness disconnect cable pin
is normally in a locked position; that is, fixed
through the integral strap attach fitting beneath
the inertia 1.(4!I on the seat structure. However,
as the sf.at ejects, the delay cartridge fires, in
turn, repositioning the bellcrank, which draws
the shoulder harness diseonnect cable pin down-
ward. This opens the attach fitting and frees the
inertia reel straps, permitting them to pull
through the parachute roller fittings into the
inertia reel. The pilot is free of any attachment
to the seat and separation is made possible.

HARNESS RELEASE HANDLE.The har-
ness release handle (fig. 9-57) is located in a
holder on the right side of the seat assembl
and provides a means of manually releasing al7.
restraining components of the ejection seat by
partially a(ttunting the bellcrank located in the
lower aft portion of the seat assembly.

The hardle contains a release clip and a
spring and pin assembly, The spring andpin as-
sembly positions and locks the parachute arming
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Figure 9-56.Shoulder harness power inertia reel assembly.
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Figure 9-57.Harness release handle.

lanyard into place. As the release clip within the
handle is lifted upward, the pin and spring are
depressed, releasing the lanyard. The handle
base forms a holder for a cable that is attached
to the bellcrank. The cable is held in place with
a swaged ball fitting attached by a spring to the
left side of the seat structure.

A metal stop holder, attached to the lower
shelf of the seat assembly, holds the flex cable
in position while providing a stop for the swaged
cable fitting and limits travel of the manual har-
ness release system.

As the release clip within the handle is raised,
the parachute arming lanyard is released. As the
handle itself is raised, the cable is pulled upward
which, in turn, pulls the left arm oi the bellcrank
downward. Downward movement of the left arm
raises the actuator piston upward into the har-
ness release actuator. At the same time, the
bellcrank retracts the left and right lapbeltpins
and the shoulder harness pin attachments. The
piston, which moves upward into the harness re-

HARNESS RELEASE

HANDLE PULLBACK

SPRING

AM. 173

lease actuator, is locked in the released position
by the manual detent pin on the right side of the
actuator.

To prevent further travel upward when using
the harness release handle, a swaged fitting, at-
tached to the harness release handle cable as-
sembly, positions against the metal stop holder
on the lower shelf of the seat. This insures
against the possibility of rupturing the nitrogen
sto rage bottle diaphragm when using the harness
release handle.

To reposition the handle into the seat assem-
bly holder, the manual detent pin must be pulled
outboard to reset the bellcrank which, in turn,
resets the harness release cable.

Survival Equipment

The 51 :vival equipment (flg. 9-58) consists
of all equinment used by the pilot after ejection
from the Wrcraft has been effected, permitting
a safe return to ground level .nd, if ejection
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OXYGEN ANCI COMMUNICATIONS
FITTING TO CONSOLE

Figure 9-58.Survival kit and parachute.

occurs at sea, subsistence until rescue opera-
tions can be conducted. The survival equipment
includes the survival kit, the parachute assem-
bly, and the anti-exposure suit. The AME is re-
sponsible for removal and inst-llation of the
survival kit and parachute in the aircraft.

SURVIVAL KIT.The survival kit assembly
(fig. 9-59) consists of an interconnected, two-

AM. 174

piece container and a cushion that provides a
seat for the pilot. Oxygen system components
for emergency operations are mounted within
the container. In addition, space is available for
a liferaft and survival equipment bag. A flodble
personal oxygen and communications lead is at-
tached to the kit by a multipurpose quick-dis-
connect fitting. During normal operations, the
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Figure 9-59.Seat and survival 1-it assembly

A-4F.

pilot attaches his survival kit to his parachute
harness by means of the two straps connected
to the back side of the container.

The emergency oxygen bottle is actuated
automatically by a cable attached to the cockpit
structure as the ejection seat moves up the
rails during ejection. The emergency oxygen
bottle can also be actuated manually by pulling
the green ring located on the inboard side of the
left-hand thigh sup,port on the seat pad assembly.
When either methc- is utilized, the respective
cable pulls a yok, attached to the pressure reg-
ulator valve of the bottle, which in turn releases
a plunger to actuate the bottle.

ANTIEXPOSURE SU1T.The antiexposure
suit is designed for use by personnel on flights

where unprotected or prolonged exposure to the
conditions of cold air or watcr, as a result of
abandoning the aircraft, would be hazardous and
could be fatal. The protection afforded by the suit
can be extended by using an inflatable hood and
gloves to keep the head and hands warm.

The suit utilizes conditioned or cockpit air
for ventilation to provide pilot comfort in flight.

Eje,:tion Seat Safety Equipment

The rocket ca.apult ejection seat (ESCAPAC
1-C3) contains explosive charges that represent
a potential danger to personnel responsible for
maintenance of the seat and the equipment con-
tained in the cockpit area. To afford a measure
of safety to both personnel and equipment, three
safety devices are provided for installation on
the seat when the aircraft is on the ground.

These safety devices are the pin block as-
sembly used in the interlock mechanism as
shown in figure 9-50, initiator safety pins, and
the rocket harness actuator lock assembly. The
interlock cam and pin assembly (fig. 9-50) and
the ejection control safety handle are integral
components of the seat and provide additional
protection against inadvertent firing of the
rocket charge causing seat ejection. 1, igure 9-60
illustrates the ejection control handle and the
harness actuator firing pin lock assembly.

The ejection control safety handle prevents
iotation of the firing control disconnect assem-
bly, preclucHng ejection seat initiation.When the
safety handle is moved to the DOWN position, a
cam attached to a safety rod (fig. 9-60) moves
the rod upwards a..d into the ground safety
socket. All ejection movements of the firing con-
trols are stopped.

To secure the pin in the locked position, a
safety lock is incorporated into the handle as-
sembly. With the handle DOWN, the safety lock,
which is spring loaded at the pivot point, moves
upward to engage a stop attached to the seat
structure. The handle cannot be movedto the UP
position until the safety lock is manually
depressed to disengage the lock from the stop.
The safety lock becomes visible when the ejec-
tion control handle is in the DOWNposition. The
upper surface of the lock is covered with a black
and yellow checkerboard decal to provide visual
verification that the ejection controls are safely
secured in the locked position.

With the exception of the rocket seat safety
harness actuator lock assembly, which is in-
stalled before removal and install tion of the
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Figur_ 9-60.Ejection seat safety equipment.

ejection seat from the cockpit, all safety de-
vices must be in place and prop,rly positioned
when the aircraft is on the ground.

All safety devices, except those integrated
into the seat conn:_uction, ark_ provieed with red
streamerJ. Before entt ring the cockpit for main-
tenance purposes, all safety equipment must be
visually checked to make certain each item is
installed and seoureu. All pc rsonn el entering the
cockpi. area nwst be properly instructed in the
use of the sal(.ty equipment and warned of the
highly dangerous nature of the explosives con-
tained in the roc:cet catapult ejection seat.

WARNING: The seat ejection and canopy
jettison systems are interelated. Detonation of
the ejection seat explosive charges or in-
advertent actuation of the canopy initiators can
cause se:ious injury or loss of life. All person-
nel concerned with operation or maintenance of
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the rocket ejection seat must be throughly fa-
miliar with both systems.

Maintenance

Maintenance of the ESCAPAC 1-C3 ejection
system consists of parts removal, inspection,
repair, replacement, installation, andfunctional
testing and leak testing of designated components
as specified in the Maintenance Instructions
Manual and the Maintenance Requirements
C ards.

The seat separation bladder assemblies,,the
DART stabilization And snubbing system, the
rocket catapult, the harness release actuator
cartridge, the power inertia reel cartridge, and
ejection system initiators are subjected to re-
moval and replacement after a specified time
interval expressed in either operating hours or
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er length of titur 111 StIV1Cc specified in tin'
Periodic Maintenance IniormationCards(PMIC)
and Nav Air 11-100-1.

WARNING: Make certain all ground handily,
..afety quipment is installed on the ejeetn_n seat
and system initiators b(fore starting any work
in the ,ockpit area.

When work in tin cockpit requires removal
of the survival equipment from tlw ejection seat,
the specially designed separation blauder pro-
tective cover should be thstalled to prevent
daniage.

Procedures for handling of system initiators
are tlw same as for the canopy initiators dis-
cussed e irlier in this chapter. No maintenance
is allowed on the initiators -xcept removal and
replacement. Attempts to remove the initiator
cartridges are strictly prohibited.

All components of the ejection sea1 requiring
lubrication are serviced at each calendar in-
spection. If removal of a component is required
between inspections for any reason, it must be
lubricated at the time of installation. Lubrica-
tion information is provided in the General In-
formation ay,: Servicing volume of the applicable
Maintenance Instructions Manual.

Proper operation ;,f the ejection seat can only
be assured when all maintenance and subsequent
quality assurance Mspection is performed
exactly as specified ii the applicable Mainte-
nance Instructions Manual. Procedures for
checking, testing, adjusting, and removing ann
replacing parts along with drawings, pictures,
diagrams, etc. necessary to prevent improper
installation are provided in the MIM and MUST
be used to insure a flight-ready ...jection seat.

The inspection requirements for ES-
CAPAC 1-C3 ejection seat as listed in the C -
e n dar inspection Maintenance Requirer.ent
Cards do not always include allthespeciIiroc
cedures for satisfying a requirement. The AME
must consult the Maintenance Ttictructions Man-
ual to insure correct step-tn proeedures
are followed.

The maintenance requir4nents for the ES-
CAPAC 1-C3 discussed in 1.,2ction ar not
to be used in performing seat maintenance. It
is intended to provide information concerning
typical ejection seat maintenance practices.

SEAT REMOVAL.The procedures for re-
moval of the ESCAPAC ejection seat for insi-..ic-
tion are similar to the procedures discussedfor
the Martin-Baker seats. The seat must be
dearmed to the extent pcssible and safetied as
directed in the MIM. Disconnect all seat-to-

airkraft connections. A force gage, attached to
the seat at the seat-to-catapult gun-attachment
fitting, is used to check the force required to
lift the seat up the guide rails. The initial break-
away force and the lifting force must be within
the tolerances specified.

The striker assembly mo...4ntt,d on the right-
hand guide rail must be depressed ai the seat
is raised up the rails to prevent bending of the
shaft of the ha: ss release actuator firing pin
(firing pin lock asembly installed). If th:firing
pin lock assenthly i 1::.A installed, the striker
assembly must lie det_vessed as the seat is
raised up the raits t pr vent accidental firing
of the harness release -iater cartridge and
m echan ism .

HARNESS RELEASE .4'. 70R C:U1-
7'HIriGE REMOVAL.The ha ctuator lock

-nbly fig. 9-60) is remo--, tbe actu-
.1t. I:ring pin to accornmn:-;at. of tha
Mv. 8.- Mod 0 harness reie-,se
type 7idge. The cartr..-.0e ,ne
dart corrosion, and ser
date, :hen -red over to ofce personnel fox
storii 'deeded during the seat bui102.

BOTTLE.-1-rior ".o
furtht.: (tenance, the nitrogen bottie
movf J? from the harness re.ease a2 -
sem5ly. It ..s weighedto che^,k for prone).
rile rupture ittirig is a1& checked for damage.
If the bottle is acceptable for reinstaliati:)n, it
is capped and stc.,wed until needed.

SEAT STRUCTURE INSPECTION.The seat
is chcckerl for obvious damage such as clacks,
loose or missjng rivets, deformation, and cor-
rosion. The seat rolleni are check?d to r freedom

rotation and allowable clearance between the
guide rails. Improper roller spacing could result
in too much seat side play or binding of the seat
crtng up and down movement or ejention. Roder
iiacing is adjusted by adding or removi.. g shims
bCween the roller and the seat.

hARNESS RELEAF:::, ACTUATOR.The har-
ness release actuator L.. disassembled and cub-
jected to close inspection for corrosion and
general conthtion. The firing pin is disassem-
bled and checked with go-no-go gage. The pin
mue. not be t:(c 1,ng or too short. itr case
would be carile for replact ..nent. , harness
release actuator piston assembly -e:eased
from the actuated (fired) position by Msei
two 1/8-Inch rods into the holes provide, in
each locking dog and prei sing them down simul-
taneously as shown in Ogure 9-61. A complete
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functional check of the actuator and the harness
release handle is required.

HARNESS RELEASE HANDLE CHECK.
With the harness release actuator reassembled,
except for the installation of the nitrogen bottle
and cartridge, and the harness actuator firing
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lock assembly i.ista !ed, the h-sness release
handle is functional 'ested as 'c_lows:

Pull the release h.rxile from its holder-
Attach a force gage (0 . 100 pounds) to han-
dle and slowly pull th handle thltil the manual
detent pin engages the actuator iiFfon in the
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deteto- position. 11w handle pull force shouldnot
h a ve exceed 40 pounds. The handle should have
a mit imum overtravel of 1/8 inch from the man-
ual J (ent position.

If excessive force is required, tlw handle as-
sembly is lubricated and rechecked. If (9ccessive
frcu is still required the assembly is replac.ed.

CJritinue the test by pulling up on the handle
wfl a force of 30 pounds until all overtravel
f- om the manual detent position is taken up.
riold this force my', ave a second AME measure
the distance from the actuator piercing noint to
the top of the housing as shown in figure 9-61.
Distance must be a minimum of 4/16 inch.

Stow the handle in its holder and with the
actuator in the manual detent position insure that
the lap belt and shoulder harness retaining- pins
are withdrawn. Manually retract the actuator
piston until the actuator clevis strikes the firing
control disconnect actuating arm and the piston
detents in the fired position (locking dogs
locked). The firing control disconnect pin should
be retracted, releasing the firing control dis-
connect fitting and allowing the ejection control
cables to be drawn free. With the actuator in
this position, the distance between the top of the
actuator housing and the actuator piston piercing
point should be apprcodmately 7/32inch. Proper
overtravel of the piston is checked by measur-
ing the distance from the bottom of the actuator
housing to the top surface of the stop washer
on the actuator clevis. Measurement should
be approximately 3/32 inch as specified in
the MIM.

The actuator piston is then returned to the
fully extend position as previously explained. The
harness lap belt and shoulder harness locking
pins should protrude through their respective
holes 1/16 inch exclusive of the tapered end.
This completes the test of the harness release
handle and the actuator.

SHOULDER HARNESS INFRTIA REEL.The
functional checkout for the inertia reel includes
checking for proper locking and unlocking, full
extension measurement of the reel straps, and
retraction force and full retraction of straps.

The inertia reel cartridge must be removed
and checked for service life expiration date,
condition, and proper length.

FAC E C URTAIN HANDLE CH ECK.Mainte-
nance on the face curtain ejection control handle
assembly includes removal and installation, dis-
assembly, reassembly, and testing during
calendar inspection or when replacement or re-
work of the curtain and cables is necessary.

The operational check of the face curtain
requires removal of the firing controls cover.
The ejection control safety handle must be in
the full DOWN position. A force gage is attached
to the center of the face curtain handle and
pulled straight out to check the forcc required
to disengage the handle from the delents. Figure
9-62 shows the face curtain, the handle detent,
and the firing control disconnect fitting.

The force required to disengage the handle
is 25 (t5) pounds. The force is governed by tne
spring contained in the handle guide tube.

Next, push the ejection control safety handle
to the full UP position and pull the face curtain
out until the safety lockpin bottoms out in the
socket. Retract the pin in the bottom of the
firing control disconnect fitting assembly by
pulling down on the cable. The face curtain and
the cables should disengage from the seat.

The face curtain assembly is then reinstalled
in the seat. Make sure that theface curtain is in
acceptable condition and that the service life of
the curtain will not expire prior to the next
scheduled inspection. Place the ejection control
s.,ety handle in the full DOWN position andfeed
tx.. face curtain cables through the grommets in
the curtain assembly storage compartment. Pull
down on the firing control disconnect cable,
rotate the release fitting, and connect the cables
(fig. 9-62). Release the firing control disconnect
cable and rotate the release fitting until it locks.
Fold the face curtain into accordian pleats and
stow. Compress the handle cross bars into the
detents.

WARNING: Improper installation of the face
curtain or the secondary ejection control handles
may result in disengagement of the cables from
the control mechanism without firing the rocket
catapult.

SECONDARY EJECTION CONTROL HAN-
DLE.Maintenance of the secondary ejection
control handle parallels that of the face curtain.
Since the secondary ejection control handle
actuates essentially the same components as the
face curtain, all the tests required of the
operational check may be performed in con-
junction with the face curtain check.

Attach the force gage to the center of the
secondary control handle and pull straight up to
disengage the handle fro..1 its detent. Force
required should not be less than 5 pounds or
inore than 20 pounds.

Increased tension on the control handle to
25 (t5) gage pounds and check that the handle
does not extend less than 1/4 inch or more than
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Figure 9-62.Face curtain and disconnec,

1 1/4 inch from the stowed position(the ejection
control safety handle is in the full DOWN
position).

Next, place the ejection safety controlhandle
to the full UP position and pull the secondary
control handle until the safety lockpin bottoms
out in the socket. The handle should extend at
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least an additional 2 1/2 inches with the force
applied.

Pull the disconnect firing control cable down
to retract the pin in the firing control dis-
connect assembly. Continued pull on the seco
ary handle will allow the handle and cabie to
disengage from the seat.



Chapter 9EGRESS SYSTEMS

While the handle and cable assembly is
removed, inspect it for corrosion, kinks, broken
strands, and condition of the end fittings. In-
stallation of the handle is accomplished as
follows:

Place the ejection control safety handle in
the full UP position and insert the secondary
ejection control handle and cable assembly
through the handle recess hole in the center of
the forward beam of the seat .-..ssembly. Snap
the handle into the detent position.

Inspect the secondary control cable discon-
n ect pulley housing, insuring that it is undamaged
and free of corrosion and that the detents are
free of cracks and burrs. Remove the secondary
firing cable from the firing control disconnect
aLsembly (if it is not already disconnected).
Rotate the disconnect pulley counterclockwise as
shown in figure 9-63 until a spring force is felt.

Rotate the pulley up to 90 degrees in either
direction until the ball detent appears in the
upper slot of the pulley housing. Insert the ball
stop on lower end of the secondary ejection
control cable through' the slot and into the detent.

Rotate the pulley counterclockwise approxi-
mately one turn and take up the coaxial cable
until the ball end detent of the lower pulley
groove appears in the lower slot of the dis-
connect pulley housing. Insert the ball stop of the

SECONDARY EJECTION CONTROL CABLE

UPPER SLO

BALL STOP DETE T

secondary ejection handle cable into the lower
pulley detent.

Release the pulley and pull on the upper end
of the secondary firing cable to take up any
slack in the secondary ejection handle cable.
Connect the secondary firing cable to the firing
controls disconnect assembly at the top of the
seat.

Pull the ejection control safety handle to the
full DOWN position to safety the ejection control
handles and prevent release of the firing cables.

SEPARATION BLADDER SYSTEM CH ECK.
The separation bladders are unsnappedfrom the
seat and checked for service life expiration date,
deterioration, cracking, chafing, cleanliness,
and any other casues for replacement.

The leak test is commencedby disconnecting
the flexible hose from the elbow fitting on the
harness release actuator and attaching it to an
external source of low pressure nitrogen. The
bladders are then inflated to 3 1/2 pounds, then
the source of pressure is shutoff. Check for
bladder leakage by observing pressure drop
over a 1-minute period. Unacceptable leakage
rates will require bladder replacement. If a
new bladder is being installed, it must be in-
flated and deflated several times as prescribed
in the Maintenance Instructions Manual to purge
all talc from the bladder.

SECONDARY EJECTION
CONTROL HANDLE CABLE

BALL STOP
DETENT

SECONDARY
EJECTION

CONTROL
CABLE

LOWER
SLOT

AM.1206
Figure 9-63.Secondary ejection control cable installation.
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When reconnecting tiv, flex hose to the elbow
of the harness release actuator, it must be
properly torqued and a new torque stripe added
to the connection.

When the bladder tests have been satis-
factorily completed, fold the bladders in original
pleats and snap the bladder covers to the seat.
Reinstall the bladder protective cover to prevent
damage.

EJECTION SEAT STABILIZATION SYS-
T EM.During the calendar inspection, the DART
stabilization and snubbing system cover must be
removed to accommodate inspection of the com-
plete stabilization and snubbing assembly.

The deployment assembly, bridle assembly,
and various lanyards are hispected for fraying,
broken or cut lines, any evidence of any fluid
contamination, and of which would require re-
placement of the complete assembly. The brake
assemblies (fig. 9-42) are inspected for evi-
dence of corrosion, damage, Rnd fluid contamina-
tion of the linings. Since the DART system is a
time removal assembly, its installation date
must also be checked to determine if replace-
ment will become necessary prior to the next
scheduled inspection. If so, the system must be
replaced. A Quality Assurance Representative
must verify proper routing of the stabilization
and snubbing system lanyards prior to installa-
tion of the dart cover and the protective mainte-
nance cover.

HARNESS RELEASE ACTUATOR CAR-
1.1IDGE INSTALLATION.Prior to installation
of "he Mk 86 Mod 0 delay t,l.rtridge it must be
inspected for evidence i 1anage and service
life expiration date as explacied in the coverage
on cartridge removal. The correct cartridge
must be used in arming the harness release
actuator. The use of other similar delay car-
tridges, which could be physically interchange-
able but with different time-delay sequerce,
could cause serious injury or death of the seat
occupant because of improper ejection sequence.

Install the cartridge in its chamber on the
harness release actuator, inserting it, case
first, into the chamber. Insei-t the firing pin
assembly into the chamber on the cartridge.
Tighten the retaining nut fingertight. Align tne
flat surface of the retaining nut to within 5
degrees parallel to the sear sides by turning
the retaining nut not more than 60 Cegrees of
rotation, DO NOT align the nut by loosening
the retaining nut from the fingertight setting.
Allow Quality Assurance personnel to install
the lockwire and affix a lead seal. Proper
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alignment is required so that the sear may be
knocked free from the firing pin by the striker
plate on seat ejection.

After all seat checks have been completed,
the nitrogen bottle is reinstalled on the harness
release actuator and lockwired as necessary and
the seat is ready for installation. Following
reinstallation of the seat in accordance with the
Maintenance Instructions Manual, check the
cockpit area and insure that all tools and equip-
ment used in the removal, installatior., and
performing of maintenance have h,!en removed.

NORTH AMERICAN
LS-1 EJECTION SEAT

The North American ejection seats in the past
have been mistakenly labeled as TALC 0 ejection
seats. The name TALCO refers to the rocket
used with the seat and is not the correct desig-
nation. There are several different designations
of the North American ejection seat such as
LW-1, LW-2, LW-3, HS-1, and the LS-1, which
is discussed in this section. The letters in the
designation indicate the type of ejection seat;
for example, LW indicates a lightweight seat,
HS indicates a highspeed seat, and LS indicates
a low-speed seat. The number designation fol-
lowing the letters indicates the model of that
seat as modified to meet the requirements for
installation in a specific aircraft.

The LS-1 seat is another rocket assisted
seat used for high- and low-level escape from
the aircraft. Its rocket catapult operation is
almost the same as that for the ESCAPAC
ejection seat discussed previously. The LS-1
seat discussed in this section is the installation
used in the T-2A trainer aircraft. It does not
provide the pilot with a zero-zero escape
capability as the ESCAPAC seat mentioned
previously.

DESCRIPTION/OPERATION

When the pilot decides to eject, he may
pull either the face curtain ejection handle or
the D-ring handle. (The D-ring is known on
some other types of seats as the auxiliary or
secondary ejection control handle.) Actuation
of either of these handles fires either of two
pairs of ballistic initiators which discharge
high-pressure gas to the ejection seat gas
catapult lines, initiating the ejection sequence.
The high-pressure gas performs the following
functions:
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Actuates a ballistic inertia reel to pull the
seat occupant into an upright seated position.

Jettisons the canopy.
Actuates the ejection seat catapult cartridge.
Gas pressure to operate ti _ner..a reel is

developed by an exploding gas-generating bal-
listic initiator. High-pres..ire gas from the
D- ring or face curtain initi2tors ar es the inertia
reel generator cartridge. These same gases
from the D-ring or face curtain are piped at
the same time to the canopy jettison system
(discussed earlier in this chapter) and the rocket
catapult.

A 0.4-second time delay fuze in the rocket
catapult delays catapult firing for that length
of time so that the t-illistic inertia reel can
operate and the canopy can jettison. If the
canopy should fail to jettison, the seat will eject
through the canopy without delay.

The ejection initiation gas lines are installed
almost completely on the seat structure. Figure
9-64 illustrates these gas lines. Since the rockr.:t
catapult outer tube and the canopy actuator/
remover housing (fig. 9-3) remain attached to
the aircraft during ejection, a means to separate
the gas plumbing is necessary. This separation
is accomplished by installing quick disconnects
in the system. These quick disconnects will pull
loose as the seat rises on ejection.

During the upward travel of the seat the
following operations are mechanically per-
formed, in addition to separating the high-pres-
sure gas lines quick disconnects:

The personal service composite quick dis-
connect is uncoupled.

The emergency oxyger. bottle is actuated.
As the seat movcs further up the rails, a

bellcrank and linkage arrangement on the left
side of the seat contacts a fixed striker pin on
the seat structure (fig. 9-65). The bellcrank is
rotated downward and its attached linkage pulls
the sear pin from the drogue gun and arms an
aneroid power device by p.11ing a pin from the
device.

Pulling the sear actuates the drogue gun
firing mechanism, and the gun fires immediately.
The drogue gun projectile pulls the drogue chute
out of its container, and the drogue chute deploys
to stabilize the seat.

Thf. aneroid power device actuates the har-
ness release system in accordance with altitude.
A c altitudes above 13,000 feet the device prevents
seat/pilot separation until desce t. to that alti-
tude is achieved. Below 13,000 feet, when the
anerioid arming pin is pulled, the aneroid fires
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the harness release time dealy instantly. This
delay is 1/2 second.

The harness release mechanism provides the
securing points for the pilot's integrated har-
ness. When the release actuator fires, it forces
a piston downward, contacting the bellcrank of
the harness release mechanism. This actuates
the release mechanism lockpins, which free the
pilot's hip and shoulder straps from the seat
and inertia reel.

In addition to its mechanical function, the
harness release actuator directs gas pressure
from its exploding ca,-tridge to two face curtain
cable cutters to free the curtain from the seat.
Gas pressure is also directed to gas-actuated
initiators or. the seat, which fire and direct gas
pressure to the seat separation bladders. This
inflates the bladders, which forcibly push the
pilot from the seat. Figure 9-66 is a schematic
diagram of the harness release gas pressure
system.

When the occupant is forcibly separated
from the seat, the cable to the automatic open-
ing device is pulled. This arms an aneroid
which initiates a 3/4-second delay immediately,
if ejection occurs below 10,000 feet. If ejection
is above 10,000 feet the pilot free-falls, sta-
bilized by his drogue chute, to 10,000 feet, then
the time delay is initiated. When the time delay
expires, the parachute opens automatically.

The harness release handle, located on the
right-hand side of the seat, provides a means
of manual operation of the harness release
mechanism. The integrated harness release
mechanism is illustrated in figure 9-67.

By the single action of pulling the harness
:elease handle aft, the occupant is completely
free to abandon the aircraft while retaining his
integrated harness and survival equipment (in-
cluding the parachute)

This feature is utilized during crash landings
or bailout in the event of ejection seat failure.
It allows the occupant to leave the aircraft
quickly without having to unbuckle any straps.

When the pilot stands up to leave the air-
craft, the cable connected to the emergency
oxygen supply cylinder in the survival kit ac-
tuates the valve to supply oxygen to the pilot.
The cable falls free after having actlated the
oxygen supply.

During ejectio-, the pilot can pull the harness
release handle to free himself from the seat in
the event the automatic release system fails. He
will be completely released from the seat with
the exception of the parachute arming cable. As

"81t)
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Figure 9-64.Ejection initiation gas lines.

the seat and pildt separate, the arming cabi... is
pulled, arming the parachute autcmatic opening
device.
Catapult Rocket

The catapult rocket for the LS-1 seat includes
the following major components: a catapult tube,
a rocket tube, an internal catapult tube to rocket
locking device, and attachments to connect the
rocket to the ejection seat and the air, ;raft struc-
ture. Figure S-68 Illustrates the catapuli rocket.

AM.178

The catapult tube consists of a chamber,
firing pins, and the primary cartridge. The
rocket tube consists of a chamber, an igniter,
the propellant, and a nozzle outlet. A trunnion
fitting on the catapult tube attaches to the air-
craft structure, and a trunnion fitting on the
rocket tube attaches to the ejection seat headrest
forging.

The rocket tube trunnion fitting is fixed and
the trunnion differs between the left and right
sides to prevent installation of the rocket tube
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DROGUE GUN
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ANEROID
ARMING
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STRIKER
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STRIKER
BELL CRANK
ACTUATED

AM.179
Figure 9-65.Drogue actuation and aneriod arming.

180 degrees out of phase. This is necessary so
that the rocket propellant exhaust is pointing aft.
The rocket tube is also marked at the top to
indicate which side faces aft.

A locking pin on the catapult tube fits into a
cutout on the underside of the rocket tube flange
to prevent the possibility of rotationbetween the
two tubes. If the rocket tube lock, lockplate, or
lockplate retaining screws show signs of having
moved from their original position or if the
lockwire is broken, the rocket must be replaced.

The catapult cartridge is tired when gas
pressure from one of the initiators actuates the
two firing pins located in the lower portion of

the ,:atapult tube. The firing pins actuate two
primcrs and two time delay trains, which in
turn fire the catapult cartridge. The delay pro-
vides time for harness retraction and canopy
jettison. Detonation of the catapult cartridge
forces the rocket tube and seat up '..he rails.
The initial forces created on the rocket tube
unlock the catapult-to-rocket-tube locking
device.

As the seat nears the end of the rails, hot
gases from the catapult tube ignite the solid
propellant in the rocket tube. At this time the
rocket tube separates from the catapult tube and
continues to propel the seat upwards to the
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Figure 9-66.Harness release gas pressure

system schematic.

altitude necessary for ground level parachute
deployment.

The only maintenance authorized on the cata-
pult rocket is removal, inspection, and installa-
tion. The rocket requires no shipping or ground
safety pins. Whenever the catapult rocket is re-
moved from the aircraft, insure that the two
inlet ports on the bottom of the outer tube have
dust caps installed to prevent the entrance of
fnreign material.

Ballistics-Operated Inertia Reel

The ballistics-operated inertia reel operates
in a manner similar to those previously dis-
cussed. Operation of the manual control handle
is almost always the same for the various types
of inertia reels; therefore, only the power re-
traction is discussed in this section.

Figure 9-69 shows the manner in which bal-
listics gas is used to cause the power inertia
reel to ret:act the shoulder straps. Gas is di-
rected through high-pressure lines to the gas
generator mounted on the aft side of the seat
and connecting to the pressure inlet port of the
inertia reel. This pressure detonates the car-
tridge in the gas generator and the resulting
gases enter the reel mechanism and actuate the

positioning mechanism to pull the pilot into an
upright position. The action of the gases against
the actuating piston in the reel is buffered by
metering hydraulic fluid through an orifice as
shown in figure 9-69.

Failure of the inertia reel to lock when the
manual control handle is proPerly positioned
can be normally corrected by adjusting the con-
trol cable inside the control handle housing in
accordance with the Maintenance Instructions
Manual. An inertia reel tester is available for
t....sting the automatic locking feature and per-
formind the proof test of the reel lock and
shoulder straps without removing the reel from
the seat.

Drogue Gun

The drogue gun of the LS-1 ejection seat per-
forms the same function as the drogue gun for
the Martin-Baker ejection seats. Removal of the
drogue gun is only necessary when removal of
the cartridge is required be.cause of service life
expiration date or some other valid reason.

kleroid Power Device

The aneroid power device (fig. 9-65) per-
forms the same function as the barostat section
of the time release mechanism of the Martin-
Baker ejection seat. The device is equippedwith
a leakage indicating device that will provide the
AME with a visible indication if the aneroid
bellows develops a leak. If a red color is visible
through the aneroid leakage indicator window at
altitudes of less than 5,000 feet, the unit is faulty
and must be replaced.

The aneroid power device is a sealed unit and
the cover should not be removed under any cir-
cumstances. If a new device is being installed,
it must be cocked. Cocking is accomplished by
pulling out on the thruster rod, which connects
to the harness release actuator, and inserting
the arming pin into the arming pin hole. It will
require considerable force to extend the thruster
shaft when cocking the de..ce, since it is highly
spring loaded.
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Seat Adjustment System

Like most other ejection seats the LS-1 seat
in the T-2A is adjustableupanddown by an elec-
trical actuator. The actuator is mounted on the
cockpit bulkhead between the seat guide rails.
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HARNESS RELEASE HANDLE

PARACHUTE
ARMING
CABLE

ARMING CABLE
LOCK

ARMING CABLE
RELEASE DEVICE

S1-1EAR RIVET
AN470AD-4-17

HARNESS RELEASE MECHANISM- ACTUATED CONDITION WITH SEAT INSTALLED IN

AIRPLANE-SYSTEM ACTUATED BY DITCHING HANDLE

Figure 9-67.Integrated harness release

Drive rods attach the actuator to the sliding
lower catapult rocket trunnion support. When
the actuator is energized, the drive rods and
the seat and catapult rocket n ove up and down
as a unit.

In addition, the actuators are equipped with
two power takeoff gearboxes, which are con -
nected by torque links to the adjustable headres,
jackscrews. When the seat is repositioned, the
jackscrews reposition the headrest. The repo-
sitioning of the headrests in such that the head-
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AM. 1207
mechanism.

rest actually never moves in relation to the air-
craft eye-level position. When the seat is moved
up, the heacirest moves down and vice versa.
This allows pilots of various heights to adjust
the seat to meet their own physical charac-
terist.: s and still maintain the headrest at the
optimum aircraft eye-level position.

During seat adjustment, one-half of the
torque is free to slide into the other. During
ejection, e `wo halves simply pull apart. Detent
balls in lrwer halves fit into grooves in the

3 8
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Figur0 9-68.Catapult rocketLS-1 ejection seat.
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Figure 9-69.Ballistics inertia reel operation.

upper halves to provide a means of transmitting
rotation along with the sliding feature.

MAINTENANCE

Maintenance of the LS-1 ejection seat is very
limited. Seat maintenance includes the removal
and replacement of cartridges and initiators be-
cause of service life expiration date or damage
and the removal and replacement of faulty com-
ponents discovered during the preinstallation
inspection of the seat and cockpit.

There is no actual operational checkout of
the escape system, since the majority of oper-
ations are initiated by gas pressure from ex-
plosive initiators and cartridges. Because of
this fact, the ejection seats are subjected to a
thorough preinstallation check in accordance
with the applicable Maintenance Instructions
Manual followed by a post installation inspec-
tion. Only qualified personnel who are thor-
oughly familiar with the ejection system should
perform these inspections and checks.
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Installation and removal of the cartridges and
initiators must be accomplished with strict con-
formance to the procedures provided in the MIM.

SAFETY

Prior to performing maintenance on the LS-1
ejection system the AME should be thoroughly
familiar with the system and any special hazards
associated with the system. The emergency es-
cape system of the T-2A is safetied with a total
of nine ground safety pins. Prior to performing
maintenance on the system, make sure all nine
pins are installed.

When making the post installation chec':s the
AME must exercise care not to pull or unnec-
essaryly touch the face curtain handle, the D-
ring handle, or any linkage on the left-hand side
of the ejection seat.

The following list of general precautions have
application to most North American ejection
seats:

1. The ejection seat must be removedfrom
the aircraft prior to removing or installing any
ballistic cartridge or gas-operated device.

3 8 7



AVIATION STRUCTURAL MECHANIC E 3 & 2

2. Always install the safety pir harnesscs
and shipping safety pins in niechanical devices
before removing or installing auy ballistic
c11-: ?ice.

3. Always insure that safety pin harnesses
are functionally complete before installing on
seat assemblies. When removing a harness
from the seat, always insure that none of the
pins has become disengaged from the harness
and accidentally Ieft in the seat mechanism.

4. Instan shipping caps on all gas fired
ballistic devices when not installed on the seat.

5. Cheek that proper warning decals are
installed on all ballistic devices.

6. Torque an ballistic device connections
to the proper torque value.

7. Torque all flexible and rigid jjo nuts
after installation.

8. Install the proper cartridge in the proper
device.

9. Install check valves andballisticdev:ces
in the correct direction.

10. In event any component of the ejection
seat is initiated, all lines, check valves, fittings,
and ballistic devices that contacted the propel-
lent gases must be replaced.

11. Be sure cartridges seat freely in tlwir
breech.

12. Check for signs of leakage or damage to
cartridges or cartridge seals.

13. Cheek for signs of oil leakage on all
ballistic devices containing buffering oil.

14. inspect bi.eech for foreign objects on
b:-.11Istic devices which have a removal cartridge.

15. Check that firing pins are thstatled cor-
reely in all tlallistic devices incorporating a
firing k;in.

16. Only qualified personnel who are thor-
oughly familiar with the ejection system should'
be working on the system.

17. Insure that all shipping safety pins are
removed from ballistic devices after installa-
tion.

CAUTION: When performing maintenance of
any type on any ejection seat, the procedures
and safety precautions outlined in the applicable
Maintenance Instructions Manual must be
strictly adhered to. DO NOT let familiarity or
experience with a particular ejection system
detract you from using the Maintenance Instruc-
tions Manual on every occasion where aircraft
maintenance is invol.ved.

3 8
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CHAPTER 10

LINE OPERATIONS AND MAINTENANCE

Line operations and maintenance is one of
Cie most important responsibilities of the AME3
and AME2. Lbe operations and maintenance is
the term used to describe that work which is
necessary to insure that opLrathnal aircraft,
aircraft equipment, and airoraft support equip-
ment are ready and safe for the type of flight or
operations fur which they are scheduled. This
work is performed on 2. flight line, flight deck,
or other place normally used to park aircraft.
It is usually performed prior to or between
scheduled flights, without removal of the air-
craft from the flight schedule.

Line operations and maintenance inchides
aircraft handling, daily and pr eflight inspections,
servicing, lubrication, jacking, and the use and
maintenance of various types of aircraft sup-
port equipment. Some of these functions are not
normally performed by personnel of the AME
rating; however, many operating activities use
third class petty officers of the AM and AD rat-
ing as Plane Captains. As a plane captain, the
AME3 may be required to perform all of these
functions.

AIRCRAFT HANDLING

Although aircraft handling is primarily the
responsibility of the AB rating, all aircraft
maine,-nance personnel should be familiar with
proper ground handling techniques. Practically
all structural damage to aircraft on the ground
is caused by carelessness or lack of knowledge
of proper ground handling procedures.

This section describes the duties of the taxi
signalman and discusses some of the problems
involved in towing, spotting, and securing aircraft.

TAXI SIGNALMAN
(PLANE DIRECTOR)

Anytime an aircraft is ready to taxi from the
flight line or is returning to the line for spotting,
it is directed by one or more taxi signalmen as
necessary.
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The taxi signalman should assume and main-
tain a position where he can see the pilot's
eyes at all times. If it is necessary for him to
lose sight of the pilot's eyes in changing posi-
tions, or for any other reason, he should signal
the pilot to stop until he has taken up his new
posit ion.

The taxi signalman has a definite position to
maintain when directing aircraft, calculated to
give him all possible advantages. His position
when directing single-engine aircraft should be
slightly ahead of the aircraft and in line with the
left wingtip. An alternate position, in line with
the right wingtip, may be used when it is neces-
sary to clear obstructions.

When directing aircrait with side-by-side
seating, such as is found on multiengine air-
craft, his position is forward of the left wirgtip.
He has no alternate position since the pilot of
a multiengine aircraft sits on the left-hand side
of the cockpit. When directing multiengine air-
craft in obstructed areas, an assistant taxi
signalman may be used on the right wingtip.
The assistant taxi signalman will Signal the
aircraft taxi signalman on the left wingtip.
The taxi signalman must always be in a posi-
tion to see the assistant taxi signalman and
the pilot's eyes. Figure 10-1 illustrates the taxi
signalman's position directing aircralt.

When towing aircraft, the samepositionsare
used as for directing an aircraft moving under
its own pc-xer. The taxi signalman must keep
the occupant of the cockpit (usually the plane
captain), the driver of the towing vehicle, and
assistant taxi signalmen in sight at all times.

Aircraft being taxied or land within 25 feet
of obstructions must have a taxi signalman at
each wingtip. If an obstruction is present on one
side only, a man at that wingtip is required.
Aircraft must not be taxied at any time within
5 feet of obstructions. Aircraft being taxied on
water must not be taxied closer than 50 feet to
obstructions except in mooring or docking
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AM. 190
Figure 10-1.Position ut taxi signalman.

procedures or when dictated by nature of the
mission. Extra precaution is necessary when
directing aircraft at night. The taxi strip and
parking area should be inspected for work-
stands and any other Inobile equipment which can
damage an aircraft.

Standard Taxi Signals

Standa-d taxi signals are used by all branches
of the Armed Forces so that there will be no
misunderstanding when a taxi signalman of one
service is signaling a pilot from another. These
signals are for the most part given with the
hands; at night plastic wands attached to regular
flashlights are used. The signals should be
definite and precise to eliminate any possiblo
misunderstanding and to inspire the pilot's con-
fidence in the tard signalman.

The Airman Manual, NavPers 10307- C, chap-
ter 12, lists and explains the standard taxi
signals used by all branches of the Armed
Forces for the operation and movement of air-
c..aft on the ground, including helicopter landing,
takeoff, and ground handling signals.

Aircraft handling- proce(hires mid signals
peculiar to :-;hiplx)ard operations which would be
of interest to plane captains and other mainte-
nance personnel assigned to tlw flig-,ht deck are
listed in the CVA:CVS NATOPS Manual. A sim-

manual is provided for the use of person-
nel assigned to Aniphibious Assault Ships (LPH).

The General. Information section of each air-
craft Maintenance Instructions Manual lists the
necessary special signals which are required
for that specific aircraft and are not coveredby
the standard taxi signals.

TOWING AIRCRAFT

TowitK aircraft can be a hazardous oper a-
tion , ausing- damage to the aircraft and injury
io personnel, if done recklessly or carelessly.
Thu following paragraphs outline the general

rocedure for towing aircraft; however, specific
instructions for each model of aircraft are de-
tailed in the General Information section of the
applicable Maintenance Instructions Manual and
.:,ould be followed in all ini.tances.

7crOTE: Most naval aviatiln activities issue
specific instructi 21S concernit.:T. aircraft towing.
These instructions usually conta'n the composi-
tion of the tow crew, tow tractor speed, and
various other instructions concerning local con-
ditions. These instructions must be complied
with.

Aircraft are generally moved (towed) by a
tow crew. The tow crew is usually composed
of a tractor driver, a plane captain (to man the
cockpit), and one man to watch for clearance at
each wingtip and the tail.

The man assigned to operate the brakes must
be thoroughly familiar with the particular type
aircraft. His main function is to operate the
brakes in case the tow bar should fail or come
unhooked. He must also be familiar with the
operation of various systems such as the ejec-
tion seat, power canopy, wing fold, and the
safety precautions associated with each.

The men assigned to observe the wings and
tail should proceed at their assigned stations as
the aircraft is being towed. It is the responsi-
bility of these men to keep a sharp lookout for
obstructions and signal the tractor driver in
time to prevent collisions. Signals may be given
with the hands or a whistle.

Only qualified personnel should attempt to
tow an aircraft. Driving a tow tractor requires
specialized training as well as a valid Navy
drivers's license.
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'Fow liars

There are two types ot tow barsuniversal
and special. Special tow bars are those designed
for use with only one type of aircraft. The uni-
versal tow bar is designed to tow a number uf
diiferent types of nIlval aircraft.

The universal tow bar (NT-4) which is now
being used by the Navy is shown in figure 10-2.
This tow bar is designed with sufficient tensile
strugth to puil most aircraft, but is not in-
tended to be subjected to torsional or twisting
loads. Although the universal tow bar has small
wheels that permit it to be towed behind the tow
tr...ctor when going to and from an aircraft, it
will suffer less damage if it is loadedaboard the
tow tractor and hauled to the aircraft. When the
bar is attachei to the aircraft, all engaging de-
vices should bv inspectcd for damage or mal-
functions before moving the aircraft.

The universal tow bar, when used for nose-
wheel towing (fig. 10-3) is secured to the nose-
wheel axle by means of two pins and a tension-
ing chain and knob.

To mount the universal tow bar on a nose-
wheel, the tensioning knob is loosened and the
chain is released. After the bars are lifted and
the pins inserted into the axle ends, the chain
is drawn tightly through the bar and hooked in
the slot which is provided to lock it in place.

Tt?;htening the t ensioning knob then applies
enough pressure to hold the bar pins in the
ends of the axles.

Holes are provided in one bar to stow the pin
on the loose end of the tensioning chain. Placing
this pin in one of these stowage holes eliminates
the possibility of damaging the chain by dragging
it on the deck as the aircraft is being towed.

The universal tow bar may be used to tow
aircraft from rings mounted on the fuselage or
landing gear. The tow bar is secured to these
rings by means of hooks which are mounted on
the ends of the bars. A spring-loaded safety pin
secures the hooks in the rings.

Special tow bars are designed to be secured
to the aircraft in various ways. The information
contained in the applicable Maintenance Instruc-
tions Manual should always be followed when
attaching special tow bars to an aircraft.

When towing the aircraft, the towing vehicle
speed must be reasonable, and all persons in-
volved in the operation must be alert. Only
reliable, competent personnel should be assigned
to operate tow tractors. When the aircraft is
spotted, the brakes of the tow tractor should not
be relied upon to stop the aircraft. The man in
the cockpit should be alert for the possible need
of aircraft brakes along with those of the tow
tractor.

cHaIN STOWAGE HOLES

TENSIONING CHAIN

AXLE PIN LOCK

HOOK

TENSIONING KNOB

AXLE PIN

Figure 10-2.Universal tow bar (NT-4).
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Figure 10-1.NT-4 tow bar attached to nosewheel.

NOTE: Before towing an aircraft, insure that
all landing gear ground safety locks are installed.
Landing gear ground safety locks are phis and
clamps which are used to insure that the landing
gear does not retract accidentally while ground
handling the aircraft.
SPOTTING AIRCRAFT

An aircraft can be spotted on the flight line
under its own power, by the u3e of a tow tractor,
or manually by pushing. If it is spotted man-
ually, the handling crew should be instructed not
to push on any control surfaces or other areas
on the aircraft which are stenciled "no push,"
as damage to the aircraft may result. Regard-
less of the method used to spot the aircraft, a
qualified man must be in the cockpit to operate
the brakes.

AM.194

A qualified signalman should also be used
to direct the aircraft to its assigned spot.
Sometimes the spots will be painted on t.

_parking ramp, but in many cases he will have
to be familiar with the parking area so he can
spot the aircraft in the best position for securing
it to the tiedown pad eyes. The position of the
taxi signalman during spotting is the same as
for taxiing, and he should be able to see the eyes
of the man in the cockpit at all times.

When spotting aircraft at night, extra pre-
cautions should be taken to insure that the
parking area is clear of all workstands andother
equipment. Assistant taxi signalmen should be
used at each wingtip to insure that the path is
clear and that there is no danger of hitting other
aircraft or obstructions.
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When the aircraft is spotted in its proper
position, the brakes should be applied and held
until the main landing gear wheels are chocked.

AIRCRAFT TIEDOWN

The tieciown of aircraft is a very important
part of ground handling. When tying down air-
craft, the expected weather conditions will de-
termine how the aircraft should be secured. The
tiedown procedures provided in the General In-
formation and Servicing volume of the applicable
Maintenance Instructions Manual include normal
weather tiedown procedures and heavy or severe
weather tiedown procedures. Some MIM's also
include special tiedown procedures to be used
when jacking an aircraft aboard ship while the
ship is underway. Figure 10-4 illustrates the
severe weather and shipboard tiedown arrange-
ment for the A-6A arraft. One tiedown per
fitting is designated as sufficient for normal
weather tiedown.

Carrier Aircraft Based Aboard Ship

Aircraft aboard carriers are tied to pad eyes
which are welded into the flight deck and the
hangar deck. These pad eyes are quite similar
to the pad eyes found embedded in the concrete
parking areas of naval air stations.

The tiedown of aircraft aboard aircraft car-
riers is practically the same as that specified
for aircraft based ashore. However, since the
carrier is subject to movement, the aircraft
must be tied down securely as soon as it is
parked. Most carriers require the use of at
least three tiedowns as soon as it is parked and
more if it is to be left unattended. The total
number of tiedowns necessary depends upon the
operating conditions. The General Information
section of the aircraft Maintenance Instructions
Manual contains information concerning tiedown
points, type tiedowns to be used and the number
of tiedowns to be used on each aircraft. The Air
Department of the carrier may have additional
instructions which may require more tiedowns
than specified in the applicable Maintenance In-
structions Manual.

The tiedown commonly used aboard carriers
is illustrated in figure 10-5. The chain type tie-
down (TD-1) is used to secure aircraft aboard
ship and 4shore. It has a rated capacity of 10,000
pounds.. Each TD-1 tiedown weighs about 12

pounds.

The TD-1 tiedown consists of a chain and a
tensioning device. The chain is inserted into
the tensioning device and locked by a spring-
loaded After the chain is locked in the ten-
shning device the tiedown may be tightened by
turning the tension nut in the direction of the
arrow on the end of the nut. The TD-1 tiedown
is released by pulling the release lever up and
back.

Land and Carrier Aircraft
Based Ashore

Aircraft ashore on naval air stations are tied
down on concrete parking areas equipped with
ringlike fittings called pad eyes. These pads eyes
are installed when the concrete is poured and
are installed flush with the surfaces of the con-
crete. The aircraft to be tied down is spotted in
the parking area in the best position for full util-
ization of the pad eyes. If high winds are antic-
ipated, they should be headed into the wind. The
aircraft may be tied down with chain type tie-
downs or manila line.

Whe manila line is us, d, it should be whipped
at one end and have an eyc _;plice at the other.
Put on.: ond through the tiedown ring or point on
the aircraft and the other end through the pad
eye, thread the whipped end through the eye
splice and tighten up on the line. Then secure
the line, using half hitches or a rolling hitch
together with half hitches.

CAUTION: When manila line is used, it should
be carefully adjusted to provide for shrinkage due
to moisture. However, excessive line slackwhich
would allow shifting of the aircraft shonld be
avoided.

The number of tiedown lines or chains to use
when securing the aircraft is governed by the an-
ticipated weather conditions. The normal and
heavy weather tiedown procedures are given for
each type aircraft in the applicable Maintenance
Instructions Manual.

Most aircraft are equipped with surface con-
trol locks which should be engaged or installed
whenever the aircraft is secured. Some aircraft
control surfaces are locked by simply moving
a lever and aligning the controls in the neutral
position. However, some aircraft require the
use of glist locks such as the one shown in fig-
ure 10-6. Since the method of locking controls
will vary on different type aircraft, check the ap-
plicable Maintenance Instructions Manual for the
proper installation L._ engaging procedure.

When extremely high winds are anticipated
and the aircraft cannot be moved into the hangar,
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Figure 10-4.Tiedown arrangementA-6A.

the aircraft should be turned so that itfaces into
the wind. All covers and guards which protect
the canopy, wing butts, air intakes, and other
parts of the aircraft should be installed. These
protective covers should also be installed if the
aircraft is to remain secured on the line for any
length of time.

A special heavy-duty .71 (fig. 10-7) com-
monly referred to as a f ,-,,Dwer chain assem-
bly is used to secure th aircraft to the duck
while the engine is being run p to full power
for check and adjus- lents.
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The full power tiedown assembly consists of
a coupler, chain and a deck fitting. The coupler
adapts to the catapult holdback fitting on the air-
craft. The chain is made of welded links and is
attached to the coupler and deck fitting with
removable shackles. The deck fitting assembly
permits 360 degrees horizontal travel around
the deck and 0 to 45 degrees vertical angle from
the deck. The deck fitting assembly adapts to the
various types of pad eyes.

Only specifically tested and designated pad
eyes should be utilized for high power turnups.

0 ;
tl
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Figure 10-B.Chain type tiedownTD-1.

In other words, all pad eyes that will accom-
modate the full power chain assembly should not
be considered strong enough to withstand the
stress of a full power turnup.

When carrier aircraft are tied down with their
wings folded, a jury strut which gives extra sup-
port to the folded part of the wing must be
installed. When aircraft must be lefton the flight
deck of a carrier in extremely heavy weather
(winds in excess of 100 knots), the wings should
be left in the spread position.

Aircraft are spotted and tied down aboard the
carrier with just inches between each aircraft.
Therefore, it is of utmost importance that they
be secured properly to prevent any excessive
movement when the ship is maneuvering or en-
coun.ering heavy seas. Excessive movement of
just one aircr.71t may cause serious damage to
several aircraft.

USE OF COVERS AND SHROUDS

mation concerning the installation of covers and
protective devices. Protective covers are
usually provided for canopies, engine air intakes
and exhausts, wing and vertical stabilizer fold
areas, and various other ducts or inlets.

Protective covers should be tightly installed.
All straps and locking devices Jhould be secureJ.
Loose ends should not be left to blow in the wind.
The loose end of a strap, particularly one with
a metal clip or buckle, will severely damage the
finish of an aircraft.

Care should be taken when handling protective
covers to insure that grit or trash does not
collect on the inner liner. The installation of a
dirty cover may scratch the finish of the air-
craft or severely damage transparent plastic
canopies and glass windshields.

All protective covers should be installed in
such a manner tha free drainage is assured.
Care should be taken not to create an area which
will trap and hold salt water. Covers may also
act as a greenhouse in warm weather and cause
collection and condensation of moisture under-
neath. Covers should be loosened or removed
and the aircraft ventilated on warm sunny days.

Protective covers and shrouds are provided
by the aircraft manufacturer for each aircraft.
These covers are designed to protect various
areas and components of the aircraft from the
elements, to protect personnel, and to prevent
foreign objects from entering vital areas during
periods of extended inactivity. The applicable
Maintenance Instructions Manual contains infor-
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FLIGHT LINE SAFETY
PRECAUTIONS

In addition to the more specific safety pre-
cautions presented in various other chapters
and in other sections of this chapter, there are
a number of miscellaneous precautions which
must be observed when working on the aircraft
flight line. The following are especially im-
portant.

Intake Duct Hazards

When working with reciprocating engine air-
craft, the propeller represents the greatest
single hazard to personal safety; however, the
jet engine presents several major hazards. The
air intake duct of operating jet engines repre-
sents an Aver-present hazard to bothpersonnel
wo:kfug near the inlet duct of the aircraft and
to C.e engmeitself if the turnup area around the
front of the aircraft is not kept clear of debris.
This t 'ilr.ard is, of course, greatest during max-
imum power settings.

The air inlet duct may develop enough suc-
tion to pull hats, eyeglasses, loose clothing, and
rags from pockets. All loose articles should be
made secure or removed before working around
the engine. In some engines the suction is strong
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Figure 10-6.Surface control locking device and batten installed.
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hundred feet from the tailpipe, depending on
wind conditions. Close: to the aircraft, these
temperatures are high ,mough to deteriorate
bituminous pavement

Quite frequently when a jet engine is being
st d, excess fuel accumulates in the tailpipe;

"'n 'uel ignites, long flames are blown out

of 1. ilpipe. The possibilities of this hazard
sh, e known by flight line personnel and all
flam 1e materials should be kept clear of the
danger area.

During maximum power settings, the high
velocity of the exhaust gases may pick up and
blow loose dirt, sizable rocks, sand, and debris
several hundred feet. Therefore, due caution
-.1.l1fld be used in parking an aircraft for runup.
Tilt: General Information section of the applicable
Maintenance Instructions Manual contains infor-
mation concerning the exhaust area hazards.
These instructions should be strictly adhered to.
NO ONE should foolishly experiment with the
safety margins specified.

After engine operation, no work should be
done to the exhaust section for at least one-
half hour (preferably longer). If work is neces-
sary immediately, asbestos gloves must be
worn.

AM.109
Figure 10-7.-4%111 power tiedown.

enough to pull a man ,11 to, or partially into,
the inlet. Needless t say, precautions /Iowa be
taken to keep clear (d the Inlet.

Protective screen:. at C supplied as part of
the ground handling equipment for most Jet air-
craft. These screens should be installed prior
to all Maintenance turnups.

Exhaust Area Hazards

Jet engine exhaust creates several hazards.
Tests show that the carbon monoxide content of
jet exahust is low; however, other gases are
present which are irritating to the eyes. Lens
noticeable, but important, is the respiratory
irritation which may be caused.

The two most Important hazards of Jet engine
exhaust are the high temperature and high
velocity of the exhaust gases from the tailpipe.
High temperatures will be found up to several

Engine Nolge

Modern jet engines produce noise capable of
causing temporary as well as permanent loss
of high frequerv:y hearing. The proper precau-
tions are as follows:

1. Wear the proper oar protection (ear-
plugs and/or sound attenuators).

2. Do not exceed the time limitson exposure
to the various sound intensities.

3. Have periodic checks on hearing ability.
Engine noise is broadcast from the aircraft

in patterns which vary In direction, distance,
and intensity with engine speed. Generally, the
mold intense sound areas are in the shape of
two lobes extending out and aft from the aircraft
centerline. However, dangerous intensities fire
also present to the side and forward of the
aircraft.

Damage to hearing occurs when the ear is
exposed to high Bound intensities for excessive
periods. The higher the sound intensities, tho
shorter is the period of exposure which will
produce damage. Above 140 db sound intensity,
any exposure without ear protection ean cause
damage.
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NOTE: Sound intensity is measured in de-
cibels (db). A decibel is a number which relates
a given sound intensity to the smallest intensity
that the average person can hear.

The wearing of regulation earplugs or sound
attenuators will raise the limits of time expo-
sure. All personnel working within danger areas
should be familiar with calculated db levels (as
specified in the applicable Maintenance Instruc-
dons Manual) and should wear the necessary
protective equipment.

Movable Surface Hazards

Movable surfaces such as flight control
surfaces, speed brakes, power operated cano-
pies, and landing gear doors constitute a major
hazard to flight line personnel. These units are
normally operated during ground operations and
maintenance. Therefore, care should be taken
to insure that all personnel and equipment aru
clear of the area before operating any movable
surface.

Power operated canopies have safety locks
which must be installed during ground handling
operations. These safety locks put!vent the ac-
cidental closing of the canopy and this eliminates
the possibility of personnel being crushed as
the canopy closes.

The General Information and Servicing sec-
tion of each Maintenance Instructions Manual
contains specific information concerning the
various movable surface hazards and .specifies
the safety locks which must be used. Persomwl
involved with line operations and maintenance
should pay particular attention to this infor-
mation since Home of these units move extremely
Wit and with terrifk power.

Seat Ejection Mechanisms

All safety precautions must be strictly 0)-
served when working around aircraft equipped
with an ejection neat. The:4e nafety precautions
cannot be overemphasized, an accidental actua-
tion of the firing mchanitan can nu-mit in death
or nerioun injury to anyone in the cockpit area.

Each ejection twat has several ground safety
pins, the exact number depending upon the type
of seat. These nafety pinn are provided on
redflagged lanyard:4 for use at every point of
potential danger, They must bv. Installed when-
ever the aircraft is on the ground or deck, and
must never be removed until the aircraft in
ready for flight,

The following general precautions should
always be kept in mind:

1. Ejection seats must be treated with the
same respect as a loaded gun.

2. Always consider an ejection seat system
loaded and armed.

3. Before entering a cockpit, know where the
ejection seat safety pins are and be certain of
their installation.

4. Only authorized personnel may work on
ejection seats and components and only in an
authorized area.

Overheated Wh,e1 Brakes

In the event an aircraft has been subjected
to excessive braking, the wheels may be heated
to the point wh, re there is danger of a blowout
or fire. NOT1'.: Excessive brake heating weakens
tire and wheel structure, increases tire pres-
sure, and creates the possibility of fire in the
magnesium wheel. When the brakes on an air-
craft have been used excessively, the fire
department should be notified immediately and
all unnecessary personnel should be advised to
'eave the immediate area.

If blowout screens such as the one shown in
figure 10-8 are available, they should be placed
around both main wheels. These screens help to
eliminate the possibility of damage or injury in
the event of a blowout. If the tire is flat, explo-
sive failure of the wheel or tire will not result.
However, upon sudden cooling, an overheated
wheel may fraci Ire or fly apart, which could
hurl bolts or fragments through the air with
sufficient speed to injure personnel.

Required personnel should approach over-
heated wheels with extreme caution in the fore
or aft directionsnever in line with the axle.

NOTE: The area on both sides of the tire
and wheel, in line with the axle, is where the
fragments would be hurled if the tire were to
explode and is therefore called the danger area
(fig. 10-8).

Heat transfer to the wheel will continue for
nome period of time until the brake is cooled.
Therefore, the danger of explosive failure may
exint after the aircraft is secured if action is
not taken to cool the overheated brake.

The recommended procedure for cooling
overheated wheel, brake, and tire assemblies

to park the aircraft in an isolated location.
Then allow the asnembly to cool in ambient air
for a period of 45 to 60 minutes. The use of
cooling agents to accelerate cooling is not
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Figure 10-8.Blowout screen for overheated brakes.

recommended unless operational necessity dic-
tates their use. The application of the agents
exposes personnel to danger by requiring their
presence near the overheated assembly. How-
ever, if it is necessary to accelerate cooling,
water or fog is recommended.

When using water, direct a stream to the
brake. The water should be applied in 10- to 15-
second periodic bursts, not in a continuous dis-
charge. Each application should be separated by
a wait period 9f at least 30 to 60 seconds. A

minimum of 3 to 5 applications is usually nec-
essary. If water is not available, use any other
nonflammable liquid available. Never use CO2
for cooling.

When fog is used, the fog is deflected to the
brake side of the wheel for a period of ji40 10
seconds. Each application should be separated
by a waiting period of at least 20 seconds, This
method is applied as long as it is necessary to
control the temperature of the affected assem-
bly.

Once the brake has been properly cooled,
permit the wheel to cool in ambient air. A

crosswind or forced air from a blower or fan
will assist in cooling the wheel.

The aircraft should not be moved for at least
15 minutes following cooling operations.

FLIGHT DECK SAFETY
PRECAUTIONS

The flight deck of an aircraft carrier is one
of the most hazardous places in the world and
one of the busiest during launching, recovery,
and respotting of aircraft. Plane captains and
other maintenance personnel assigned specific
duties associated with the flight deck must be
constantly aware of this dangerous environment.

The predeployment training lectures for such
personnel should include shipboard handling pro-
cedures, flight and hangar deck safety precau-
tions, responsibilities during launch and recov-
ery of aircraft, tiedown requirements and
techniques, and special shipboard maintenance
procedures and safety precautions. This training
requirement is in addition to the general indoc-
trination given all personnel concerning flight
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ivarters, general quarters, fire, abandon ship,
rian overboard, and other general drills; ship
,3onditions, smoking and safety precautions and
Natch standing requirements peculiar to ship-
ooard opera Ions.

The previously discussed flight line safety
Drecautions are applicable to flight deck opera-
:ions. The primary difference is that because of
the limited space and tempo of operations ex-
perienced on the flight deck the situation is in-
creasngly more dangerous.

During launching and recovery of aircraft all
personnel not required by such operations should
leave the flight deck and catwalk areas. The safe
parking area aft of the island is anunauthorized
space for personnel during aircraft recovery.

Personnel should not stand in or otherwise
block entrances to the island structure or exits
leading off the catwalks. Never turr your back
on aircraft taxiing on the flight deck. Pe alert
for the '.1:expected at all times. There is no room
for care:essness, daydreaming, or skylarking
on the flight deck at any time.

All personnel assigned flight quarters ,n or
above the hangar deck must wear appropriate
jerseys and helmets. Personnel on the flight
deck during flight quarters must wear the cranial
impact helmet or its equivalent, gov1^s, sound
attenuators, flight deck shoes, flotation ge-r and
an adequately secured whistle and survival

Any maintenance perfo rm ed on aircraft which
will require wingspread/fold, respot, turnup,
blade track, jacking, etc., or maintenance that
will prevent the aircraft from being moved re-
gardless of how much or how little time is re-
wired for the work to be performed must take
into consideration the fact that approval to
proceed with such maintenance actions must be
approved through the activity's Maintenance
Control. The activity's Maintenance Control,
before it can grant approval, must have obtained
permission from the Aircraft Handling Officer
via the Air Wing/Group Maintenance Liaison Of-
ficer or his representative.

When participating in aircraft turnup or jack-
ing operations make sure that the permission of
the Aircraft Handling Officer has been received
as previously stated and that all ship's regula-
tions are observed. Safety men with sufficient
line to block off the area must be stationed
around the aircraft.

Each ship may have safety precautions unique
to that ship due to special circumstances and
operational requirements. Petty officers are
charged with the responsibility of k.,.owing and
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enforcing those that apply to their arc of work-
and their men.

ARMED AIRCRAFT PRECAUTIONS

Maintenance personnel must remain alert to
the potential danger of the weapons utilized on
the various types of aircraft. Shore stations
utilize a specified area for arming and dearming
aircraft. Aircraft returning from flights with
hung weapons are requirrd to be dearmed (by
qualified Aviation Ordnancemen) in the landing
area or just clear of the landing area. If forward
firing weapons are involved the air craft mustbe
stopped with a clear area ahead oi the aircraft
and dearmed prior to taxiing i.lto designated re-
covery spots. All aircraft landing with unex-
pended weapons should be dearmed as soon as
possible and in ALL cases prior to commence-
ment of any postflight checks, servicing, or
refueling of the aircraft.

PREVENTION OF FOREIGN OBJECT
DAMAGE TO JE f ENGINES

Foreign object damage is an ever-present
hazard to the operition of jet engines. It is the
responsibility of all aircraft maintenance per-
sonnel to conscientiously adhere to and follow
preventive procedures a,c1 policies to eliminate
ingestion of foreign objects by jet engines. Sev-
eral areas of concern are parking and storage
areas and procedures, engine installation, and
engine ground operation. Frequent and periodic
inspection of engine nacelles, inlet ducts, and
storage areas is recoMmended. When required,
careful cleaning of these areas should be ac-
complished. All maintenance personnel must
exercise extreme care while performing main-
tenance procedures in and around the aircraft
to prevent foreign object damage to the engines.
The greater size of the newer jet engines creates
greater suction pressures and larger suction
areas. The higher suction pressures enable the
engines to pull objects from greater distances
into the engines compressor section. Objects
may be picked up from the deck areas or from
some areas within the aircraft which are directly
or indirectly open to the engine bay or intake
duct. Therefore, it is mandatory that personnel
performing maintenance in and around the air-
craft account for all tools, hardware, and com-
ponents after all maintenance procedures and
operations.
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The turnup and taxi area of the jet engine
must be cleaned frequently to insure that the
area is free of such foreign objects as nuts,
bolts, washers, tools, cotter pins, safety wire,
stones, rags, eic. Numerous jet engines have
been completely demolished because someone
failed to police the turnup and taxi area for
loose gear before the engine was started.

Anyone working in the vicinity of jet air-
craft should insure that all personal effects
such as hats, gloves, pens, and cigarette light-
ers are secured. These items may also cause
foreign object damage.

EXTINGUISHING FIRES
DURING GROUND TURN .(

At air stations or ab, .rd a can' !- ex-
perienced crash crews ancii rews are readily
available. The need for the ...:.vices of the fire
crews can, in most cases, be avoided by the
prompt and efficient use of firefighting equip-
ment which is available at all times on the flight
line. It is of the utmost importanc that every
man working on the line be familiar with the
location and use of the firefighting -,e.upment.

CO2 bottles are the most comrn:,:---e ex-
tinguishers used on the line. These lxi ,:es con-
tain a sufficient quantity of CO2 to handle most
small fires started on the flight line. An aircraft
should never be fueled, defueled, or its engines
started without having one or more men standing
by with CO2 bottles.

Some aircraft carry one or more small CO2
bottles. These bottles are intended for use in
flight and should never be used in ground opera-
tions except in extreme emergency. In the el/int
that they are used, they should be replacedprior
to the aircraft's next flight.

Whenever an engine is started, personnel with
adequate fire extinguishers must always be
maintained in the immediate vicinity of the en-
gine. When available, a 15-pound CO2 fire ex-
tinguisher is the minimum which should be used
when starting an (engine.

Firefighting Procedure

If a fire starts in the tailpipe of a turbojet;
engine as it is being started, the engine should
be given a dry start; that is, a start (motoring
of the engine) with the switches which control
the fuel in the OFF and CLOSED position.

If the fire persists, CO2 can be discharged
into the inlet duct so that it can be drawn

through the engine while it is being given the
dry run. CO2 should not be discharged directly
into the engine exhausts as this may damage the
engine.

In case the fire is on the ground under the
engine overboard drain, the CO2 should be dis-
charged on the ground rather than on the engine.
This holds true also if the fire is at the tailpipe
and the fuel is dripping to the ground and burning.

The methods described here are for emer-
gency use only, because the fire department
should always be notified when there is a fire
in or near an aircraft. It the fire cannot be ex-
tinguished with the equipment at the scene,
secure all switches, abandon the aircraft, and
stand by to assist the fire department upon their
arrival.

AIRCRAFT SERVICING

Servicing of aircraft includes replenishing
of the fuel, oil, hydraulic fluid, and other con-
sumable materials. Also included under this
heading are checking the tires for proper infla-
tion, struts for proper extension, and the various
air storage units for proper pressure.
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FUEL REPLENISHMENT

Identification of Aircraft Fuels

Aircraft engine fuels currently in use are
classified into types and grades as follows:

1. Reciprocating engine fuels; i.e., AVGAS

(aviation gasoline).

Grade NATO Symbol Color

80/87

91/96 FF7151

100/130

115/145

Red

Blue

Green

Purple

2. Turbine engine fuels; i.e., JP (jet fuel).

Grade NATO Symbol Description

.1 P-4 I F-40 Low vapor pressure
type

JP-5 [ F-44 I High flashpoint kero-
sene type
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The NATO symbol is a code number assigned
to a product after it has been classified as stand-
ardized between two or more countries. Nopro-
duct is allocated more than one NATO symbol,
and a number once assigned is never used for
any other product. The NATO symbol is clearly
distinguishable from all other markings; for ex-
ample F-22 will be used by all NATO coun-
tries to identify 115/145 aviation gasoline.

Refueling Safety Precautions

Aviation gasoline is a highly volatile liquid
which gives off a vapor. This aircraft fuel vapor
is heavier than air and will settle to the ground,
accumulating in dangerous amounts in depres-
sions, troughs, or pits; and when combined with
air in the proper proportions, forms and explo-
sive mixture.

The ignition of vapor from aircraft fuel may
occur from static sparks, sparks from tools, hot
exhaust pipes, lighted cigarettes, electrical de-
vices, and similar sources. A violent explosion
followed by fire will result if liquid gasoline is
present.

On the other hand, fuels such as JP-4 have
some of the same characteristics of gasoline,
but by no means the same substance. Different
characteristics such as lower vapor pressure
and high aromatic content exist in this fuel;
therefore, special precautions in its handling
must be taken.

All existing fire precautions must be adhered
to during the fueling process. Smoking is not per-
mitted in the aircraft during fueling. Also, no
smoking or naked lights (such as are produced
by oil lanterns, candles, matches, exposed elec-
tric switches, sliprings or commutators, a dy-
namo or motor, any spark-producing electrical
equipment, or any burning material) arepermit-
ted within 100 feet of an aircraft being refueled,
or of fuel storage tanks. No lights other than ap-
proved explosion-proof lights are permitted
within 50 feet of these operations, and no light
of any sort may be placed where it may come in
contact with spilled fuel. Warning signs should
be posted as a precautionary measure.

All accidental spillage of aircraft fuels or
other combustible liquids must be immediately
removed by washing, covered with a foam blan-
ket to prevent ignition, oi neutralized by other
means. The proper fire authorities must be
notified any time a large amount of aviation fuel
is spilled.

Aircraft fuel tanks must be filled, puiged,
of have an inert gas (such as CO2) over the gas
in the tanks before storing aircraft in hangars,
since this leaves no space for explosive vapors
to form.

Nonspark tools must be used when working
on any part of a system or unit designed for
storing or handling combustible liquids.

The use of leaky tanks or fuel lines is not
permitted. Repairs must be made on discovery,
with the regard to the hazard involved.

Gasoline inust be strained if there is the
slightest chance that water may be present in
the fuel. Most fueling trucks and underground
storage systems have filter/separators which
automatically filter water out of the gasoline
before delivering it to the aircraft tank. These
filter/separators should be checked daily for
dirt and water. This system serves the same
purpose as the sediment bulb or tank in an auto-
mobile gasoline system.

Aircraft should be fueled in a safe place. Do
not fuel or defuel an aircraft in a hangar or other
enclosed space except in case of emergency. Air-
craft should be free from fire hazards, have en-
gine switches off, and chocks placed under the
wheels prior to fueling or defueling.

As an AME striker, one of your duties might
be standing by with a CO2 fire extinguisher or
other firefighting equipment while the aircraft
is being refueled. The AME striker assigned to
stand by the fire extinguisher should insure that
the extinguisher is full (by inspecting for the
lead seal on the release mechanism) and that he
is familiar with the release mechanism on the
type extinguisher in use. When fighting a fuel
fire, it is most important that action be taken
immediately; therefore, the fire watch should be
alert at all times.

CAUTION: Guard against breathing hydro-
carbon (fuel) vapors as they maycause sickness
or may even be fatal. Do not let fumes accum-
ulateuse adequate ventilating measures. Also,
avoid getting fuel on clothes, skin, or in the
eyes, because of the high lead content. Fuel-
saturated clothing should be removed as soon as
possible, and the parts of the body exposed to
fuel washed thoroughly with soap and water.
Wearing clothing saturated with fuel creates a
dangerous fire hazard, and painful blisters may
be caused by direct contact with fuel in the same
manner as fire burns. When fuel has enteredthe
eyes, medical attention should be obtained im-
mediately.

386

A IN Z1



Chapter 10LINE OPERATIONS AND MAINTENANC E

When an aircraft is to be fueled by a truck,
it should not be located in the vicinity of pos-
sible sources of ignition such as grinding,
drilling, or welding operations. When practi-,
cable, a minimum of 50 feet from other aircraft
or structures and 75 feet from any operating
radar set should be maintained. Consideration
must be given to the direction of the wind so that
fuel vapors will not be carried toward a source
of ignition.

The tank 'zruck should be driven to a point as
distant from the aircraft as the length of the hose
permits, arm preferably to the windward (upwind)
side of the aircraft. It must be parked parallel
to or heading away from the wing, or in such a
position that it may be driven away quickly in
the event Jf fire. As soon as the fueling opera-
tion has been completed, the truck shouldbe re-
moved from the aircraft's vicinity. The truck
manway covers should be kept closed, except
when a tank is actually being loaded, or when
pumping fuel at 250 F or below, because at such
temperatures vent valves may be inoperative.

NOTE: The operation of fuel trucks at many
air stations is performed by civilian crews.
Even though the Aviation Structural Mechanic E
may not be called on to operate or drive fuel
trucks, he must be thoroughly familiar with the
entire procedure to insure safety of the fueling
operation, in which be will be frequently in-
volved.

Refueling crews usually include a minimum
of three men. One person stands by with the
firefighting equipment; another stays with the
truck; and the third man handles the fuel hose
at the aircraft and fills the tanks. A member of
the crew makes sure that both the aircraft and
the truck are properly grounded to prevent
sparks from static electricity. A check should
he made to see that all radio equipment and un-
necessary electrical switches are turned off.
Outside electrical power should not b.: connected
to the aircraft unless it is necessary to operate
the equipment involved with refueling. Care

be taken to identify the aviation fuel be-
fore beginning the refueling operation.Refueling
trucks have the type fuel contained in the tanks
painted across the side of the tank in black
letters. An AME who is involved with servicing
aircraft should become familiar with the various
grades of fuel and the aircraft's fuel require-
ments in order to insure that the appropriate fuel
is always used.

Gravity Fueling

Many naval aircraft are refueld by the gra'f-
ity fueling system. (See fig. 10-9.) Some air-
craft may be refueled by either the gravicy or
pressure fueling system, and other aircraft are
fueled from a single point by the pressure 4:01-

in system.
Gravity fueling is accomplished by ground-

ing the nozzle, inserting the nozzle in the cell
filler neck, and filling the tank to the bottom of
the filler port neck.

The nozzle should always be grounded prior
to being placed in the filler neck in order to pre-
vent spa,ks caused by static electricity. The
nozzle should be supported while in the filler
neck to prevent damage to the filler n-;ck and
in the case of aircraft which use bladder type
fuel cells (cells made from a type of rubberized
nylon cloth) to prevent the possibility of
damaging the cell with the end of the nozzle.

Pressure Fueling

Most of the newer naval aircraft are refueled
by the pressure fueling system. This is em-
ployed to enable faster "operational turn
around" of the aircraft.

Pressure fueling is usually accomplished
from a single point. Fuel from this point is sup-
plied to the various wing and fuselage tanks. In
some cases, the drop tanks and flight refueling
package may also be refueled from this point.

The pressure fueling station on the aircraft
is equipped with a pressure fueling and defuel-
ing receptacle and an electrical control panel.
(See fig. 10-10.) The pressure fueling recepta-
cle is standard on all aircraft which use the
pressure fueling method. The electrical panel
and controls differ from one aircraftto another,
depending upon the complexity of the fuel sys-
tem. The more complex systems may require
several switches and lights. The General In-
formation and Servicing section of the applicable
Maintenance Instructions Manual contains illus-
trations and instructions concerning the pres-
sure fueling system.

The pressure nozzle shown in figure 10-10
is permanently attached to the refueler hose.
The pressure nozzle is equipped with a ground
wire which is used to drain off any static elec-
tricity which may have built up in the nozzle.
However, once the nozzle is attached to the air-
craft, it acts as its own ground.
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Figure 10-9.Gravity fueling.

As the connection is made, the pressurenoz-
zle opens a spring-loaded valve within the inlet
to the fuel tanks. Once the connection is made,
there is no further need for grounding the other
cells or tanks. Aircraft which employ the pres-
sure fueling system are equipped with automatic
equipment for shutting off the fuel flow when the
tanks are full.

The following is a general procedure for
pressure fueling an aircraft. Since the controls
differ from one aircraft to another the applicable
Maintenance Instructions Manual should always
be checked prior to pressure fueling an aircraft.

1. Remove the pressure fueling receptacle
safety cap by turning counterclockwise. Pull the
pressure fueling nozzle dust cover up and to one
side of the outer shell.

2. Ground the nozzle by inserting the
grounding plug into its receptacle on the aircraft.

3. Lift the nozzle by its handles into posi-
tion and engage the lower slotover the lower lug
on the fueling receptacle. Tip the nozzle so that
the upper slots engage the upper lugs. Press the
nozzle in firmly so that all three nozzle lock

AM. 201

keys are depressed. Lock the nozzle by rotating
the lifting handles clockwise.

4. Set the refueling panel switches in the
proper position and apply electrical power to
the aircraft.

5. Position the vent monitors as necessary
in accordance with the applicable Maintenance
Instructions Manual. NOTE: The vent monitors
are assigned to the various fuel system vents
to insure that the aircraft's fuel cells are vent-
ing properly. Should the cells not vent properly,
there is a possibiliky of rupturing the cell and
even causing major structural damage.

6. With the nozzle locked in place, the
opening handle is free to turn whenever fueling
is to be started. To start fueling turn the handle
to the FULL OPEN position. Rotating the open-
ing handle more than 180 degrees opens the
poppet valve in the nozzle and locks it in the
OPEN position. Position the appropriate switch
on the fuel panel to the FUEL position. The fuel
should shut off automatically when the cells are
full.
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Figure 10-10.Pressure fueling.

CAUTION: During pressure fueling, the fuel
system should be inspected carefully for leak-
age. If any leaks are apparent, fueling should
be stopped and corrective action should be
taken.

7. When fueling is complete, the pressure
fueling nozzle is removed by rotating the lift-

ing handles counterclockwise until the nozzle
is unlocked from the fueling receptacle. The
dust t.:1,ver should be pulled up over the nozzle
face immediately and the safety cap replaced
on the aircraft receptacle.

Every safety precaution must be taken to in-
sure that no dirt or foreign matter enters the
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nozzle and that the nozzle nose is completely
clean before it is connected to the aircraft. The
dust cover must be kept on the nozzle at all
times except when actually fueling an aircraft.

The pressure fueling nozzle can be dam-
aged by careless handling. Guard against drop-
ping the nozzle or allowing it to swing heavily
against structures or equipment during han-
dling. Never drag the nozzle on the deck.

Never force the operating action of the noz-
zle. If the unit does not couple freely or open
or close readily, locate and correct the mis-
alignment or mechanical jam.

Defueling

Defueling may be necessary for a variety of
reasons such as fuel cell repairs, removal of
external fuel tanks, failure of fuel system com-
ponents, and changing of fuel loads.

Aircraft which utilize pressure fueling ace
normally defueled from the pressure fueling
adapter which allows the entire system to be
defueled from a single point. Some older air-
craft are equipped with one or more defueling
valves. Some residual fuel will generally be left
in the bottom of fuel cells following defueling.
Residual fuel can usually be emptied or drained
through the fuel cell water drain valves, using
a special draining adapter and appropriate con-
tainer to catch the fuel. When defueling external
fuel tanks, it may be necessary to insert the de-
fueler hose in the filler port.

Defueling will normally be accomplishedout-
side the hangar and under controlled conditions
as specified in the General Information and
Servicing volume of the applicable Maintenance
Instructions Manual. If it is absolutely necessary
to defuel an aircraft in the hangar, doors should
be open to provide ventilation through the hanrar
and all shop doors leading into the hangar should
be closed. No work should be accomplished on
or around the aircraft during the defueling oper-
ation and all sources of ignition should be pro-
hibited in the area. The safety precautiuns
defined in NavMat P 5100, the applicable MIM,
and local directives should be strictly adhered
to at all times.
OIL REPLENISHMENT

Identification of Aircraft Engine Oils

Aircraft engine oils are identified by their
military specification number and/or 4-digit
numbers; for example, 1065. The 4-digit num-
bering system identifies the intended use of the
oil and its viscosity. The first digit designates

the intended use, lxxx series being for aircraft
engine lubrication. The last three digits indicate
the viscosity; for example, 1065 oil has a vis-
cosity rating of 65, 1080 oil has a viscosity rat-
ing of 80, etc. Viscosity is defined as the inter-
nal fluid resistance to flow caused by molecular
attraction. NOTE: Both the Navy and the Air
Force use the Saybolt Scale for determining
visc-)sity. Saybolt viscosity numbers should not
be confused with SAE numbers.

The synthetic oils used in most turbojet en-
gines are referred to by their military specifi-
cation number; for example, MIL-L-23699.

Servicing Engine Oil Tanks

Some aircraft engines utilize a combination
dry and wet sump type of lubricating system
while others are lubricated entirely with a dry
sump type. Wet sump engines store the lubricat-
ing oil in the engine proper like automobile en-
gines, while dry sump engines utilize an exter-
nal tank mounted on or near the engine. Oil in
jet engines serves the two fold purpose of lu-
bricating and cooling.

Servicing of the engine oil system is usually
a simple task of checking the tank for the proper
oil level and bringing the oil level up to the re-
quired amount. On aircraft with a dry sump sys-
tem, servicing may consist of pumping uncon-
taminated oil directly into the supply tank.
However, on some aircraft the tank is located
in an inaccessibl- compartment, and apressure
tank is requirvd to fill the oil tank.

Figure 10-11 provides an example of the
pressure oiler, the engine oil pressure fill sta-
tion located in thc etigine nacelle, and the pen-
light (PON5-75) used in servicing the engines
on E-2A and C-2A aircraft. Servicing consists
of the following steps:

1. Set the penlight switch to ON, with the
Lap in place. The bulb should light.

2. Remove the cap and insert the plug into
the OIL TANK FULL test jack (at the fill sta-
tion). The bulb should go on. If the bulb does not
light, oil level is low and servicing is required.

3. Remove the penlight from the oil tank fill
test jack and with the switch still ON insert into
the DRAIN PLUG CHECK jack. If the bulb lights
it is an indication of an accumulation of metallic
material on either or both engine magnetic chip
detectors. Call such indications to the attention
of the appropriate supervisory personnel. If the
bulb remains out proceed with servicing.

4. Reinsert the penlight into the OIL TANK
FULL test jack.
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Figure 10-11.Oil System servicing equipment

( E-2A/C- 2A).

.5. Insure that the pressure oiler is prop-
erly filled. Prime the supply line, reset the
quantity meter to zero, and connect the oiler
filler line to the pressure fitting and the over-
flow line to the return fitting at the fill station.

6. Pump oil into the system until the pen-
light bulb lights and note the quantity on the
quantity meter. If oil consumption exceeds
limits, notify the appropriate maintenance chief.

7. If oil consumption is within limits, con-
tinue pumping oil at a slower rate until oil flow

is observed at the overflow discharge in the
pressure oiler.

NOTE: Checking and filling of the engine oil
system of most jet engines must be accom-
plished within a specified time limit after engine
shutdown. In most cases if the engine is not
serviced within these time limits, theoil system
must be drained and refilled to insure a proper
quantity of oil or the aircraft could be turned up
to scavenge oil from the engine gear case to the
oil tank. In all cases follow the servicing in-
structions provided in the appropriate Mainte-
nance Instructions Manual.

If unusually high oil consumption is noted,
maintain an accurate record of consumption as
specified by the applicable inspection require-
ment or the MIM. Oil consumption can be
a reliable indicator of impending engine mal-
function and a determining factor in deciding
whether an engine is acceptable for flight status.

CAUTION: Do not overfill engine oil Systems.
The system previously discussed requires filling
to overflow, however, some aircraftoil systems
require that adequate spl.ce be allowed for nor-
mal foaming of the oil and expansion when the
engine is operating.

Servicing Constant Speed Drive Assemblies
Several late model reciprocating and jet en-

gine aircrait utilize a constant speed drive (CSD)
assembly to maintain the aircraft's generator(s)
at a constant speed. The assembly transfers and
converts variable speed rotation of the aircraft
engine into a constant speed rotation necessary
to drive the generator at a constant speed which
will meet all the aircraft's electrical demands.

At least one aircraft features a combination
constant speed drive/starter (CSD/S) which pro-
vides both pneumatic starting for the engines
and constant speed drive for the generator.This
CSD/S can be operated in engine starter, con-
stant speed drive, or air turbine motor modes
of operation.

Proper operation of any CSD assembly is ex-
tremely dependent on proper Servicing by per-
sonnel assigned to line maintenance. In most
cases the CSD or CSD/S must be servicedwithin
a specified period after engine shutdown to ob-
tain an accurate oil level reading. If this time
is exceeded the oil reservoir must be drained
prior to servicing with the required volume of
specified lubricating oil or the aircraft turned
up so that the oil level can be checked within the
designated time limit.

Several types of lubricating oils are utilized
in the various types of CSD assemblies found in
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naval aircraft. Use only the specified oil indi-
cated in the General Information and Servicing
volume of the MIM for the particular aircraft
being serviced. Improper lubrication can cause
internal damage and disastrous failure. To allow
for normal expansion and some foaming of the
oil under use, do not overfill the oil tank.

NOTE: The synthetic oil used in some air-
craft engines and CSD assemblies is harmful
to human skin and respiratory tract, and has a
deteriorating effect on rubber and painted sur-
faces. Handle in such a manner as to prevent
skin contact and/or damage to the aircraft fin-
ishes.

The presence of contamination in the lubri-
cating system of aircraft engines and CSD units
can be as disastrous to their operation as the
presence of contamination in oxygen, hydraulic,
and fuel systems. Proper handling of lubricants
axle servicing equipment and strict conformance
to servicing instructions provided in the MIM
will minimize the possibil,iv of introducing ex-
ternal contamination. Any uspected contamina-
tion should be immediate)} calledto the attention
of the appropriate maintenance supervisor.

HYDRAULIC FLUID REPLENISHMENT

Identification of Hydraulic Fluid

Aircraft hydraulic fluids are identified by
their military specification number. Hydraulic
fluid, MIL-H-5606B, is now being used in the
hydraulic systems of all naval aircraft. This
fluid is also used in the shock struts, shimmy
dampers, and brake systems of all aircraft.
MIL-H-5606B hydraulic fluid is colored red and
is available in 1-quart, 1-gallon, 5-gallon, 55-
gallon containers and 16-ounce spray cans. The
spray can is utilized for spraying the exposed
portion of actuating cylinders and struts required
on most daily aircraft inspections.

NOTE: Hydraulic fluid MIL-H-6083C is a
preservative type hydraulic fluid used in the
preservation of hydraulic systems and compo-
nents. While it is red in color andgenerally con-
sidered compatible with MIL-H-5606B hydraulic
fluid, it should NOT be used to service aircraft
hydraulic systems.
Servicing Hydraulic Systems

Older type aircraft hydraulic systems are
serviced by checking the fluid level (on a sight
gage which is usually located on the side of the
reservoir) and filling to the prescribed level.
Before adding fluid to this type reservoir, always
check the reservoir instruction plate for proper

filling instructions. The instructions plate will
be attached either to the reservoir or to the air-
craft structure near the filler opening of the re-
servoir. The instruction plate contains the fol-
ing information:

Total capacity of the system.
Reservoir capacity.
Refill level.
Specification and color of fluid.
Correct position of all actuating cylinders

during filling.
Any other information considered necessary

during the filling of the reservoir.

NOTE: After opening a can of hydraulic fluid,
the entire contents should be poured into the fill
stand or servicing unit immediately. This will
eliminate the possibility of the fluid absorbing
dust and grit from the air. Current instructions
require that any remaining fluid left in the hy-
draulic fluid container, after servicing a fill
stand/servicing unit, be discarded and that the
empty fluid container be destroyed immediately
and not used to store or handle any other fluid.

Hydraulic systems can only be serviced with
approved 3-micron absolute filtered dispensers.
Figure 10-i . shows a fill stand used to service
some aircra1 :.11ydraulic systems. The fill stand
is connected to the aircraft hydraulic system at
a quick disconnect which is provided for reser-
voir filling. The fill stand can be operated with
air pressure or using the handpump. Some air-
craft systems provide for filling several reser-
voirs from a single point while others have pro-
visions for filling each reservoir individually.

Another type of hydraulic servicing unit,
shown in views A and B of figure 10-13, is a
portable hand-operated unit designed to accept
the standard 1-gallon can of hydraulic fluid and
to dispense it contamination free to aircrafthy-
draulic reservoirs. This is done by pumping the
hydraulic fluid from the original container, which
functions as the unit's reservoir, directly into
the aircraft's reservoir without exposing the
fluid to open air o other atmospheric conta-
mination. In addition, waste of hydraulic fluid is
reduced since a partially used can of fluid does
not have to be thrown away but can be retained
in its contamination-free condition, in the unit,
until it is weded and used on another job.

This type of servicing unit comes unpainted
and is to remain as such to eliminate the pos-
sibility of paint chips getting into the aircraft
hydraulic system and contaminating them. All
exposed parts of the unit have either been plated
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Figure l 0-12.Hydraulic fill stand.

or . :e of hard anodized aluminum. The unl. is
also constructed so that it can stand on a 15-
degree slope without turning or sliding and has
a neoprene strip on its base to prevent scratch-
ing or marring any surface on which it rests.

In addition, this unit provides exceedingly fine
filtration through the use of 3-micron filters
which remove minute particles that may be in the
fluid. With the use of this unit, the can of fluid is
sealed into the unit, and the fundamentalfeature
of preventing contamination from exposing the
fluid to the atmosphere and other external con-
tamination is accomplished.

Most of the newer type aircraft have avisible
means (usually sight gages) fo': checking fluid
level; however, some are equipped with lights
which indicate fluid level.

Information concerning servicing of the hy-
draulic reservoirs of a particular type aircraft
is contained in the General Information and

Servicing volume of the applicable Maintenance
Instructions Manual.

OXYGEN REPLENISHMENT

Oxygen ,ised for aviator's breathing is pro-
cured under Military Specification MIL-0-
27210D. It is procured in two types; Type I is
gaseous oxygen, and Type II is liquid oxygen
(LOX). Oxygen procured under Specification BE-
0-925A is intended for technical use and should
not be used in aircraft oxygen systems.

Gaseous Oxygen System Servicing

us oxygen systems are serviced from
servic trailers such as the type NO 2 dis-
oussed in chapter 7. The danger involved in the

ansfer of gaseous uxygen as well as its impor-
tance to the pilot requires that it be handled with
care. The following general safety precautions
should be adhered to for safe opera'ion of the
oxygen servicing trailer:

1. Only qualified operators should operate
the trailer for recharging aircraft oxygen sys-
tems. Complete familiarity with the trailer is
a basic prerequisite to safe operating techniques.

2. The aircraft electrical system must be
turned off and no other servicing should be con-
ducted on the aircraft while servicing the oxygen
system.

3. Never permit oil, grease, or other readily
combustible materials to come in contact with
oxygen cylinders, valves, regulators, gages, or
fittings.

4. The servicing hose and aircraft connec-
tion fittings must be thoroughly inspected prior
to servicing, and any trace of oil, grease, or
foreign material carefully removed.

5. The servicing hose should always be bled
prior to connecting with the aircraft oxygen sys-
tem.

6. Open all valves slowly.
7. Always know the pressure existing in the

aircraft system to be filled and the pressure in
all cyclinders to be used in the refilling process
before commencing the recharging operation.

8. Insure that the line valve on the discharge
end of the servicing hose is closed at all times
when not actually servicing aircraft.

9. Never have more than one cylinder con-
trol valve open during operation.

10. The servicing hose must never be tightly
stretched to reach a connection. Position the
trailer so that the hose is not under tension.
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(A) (B)

Figure 10-13.--Loe Hydraulic Servicing Unit, Model H250-1.

11. When disconnecting the transfer hose
from an aircraft fitting, loosen the connecUon
slowly to prevent rapid bleeding of the trapped
oxygen.

12. A mPlfunctioning pressure regulator
should be disconnected from the line by closing
its associated shutoff valves. The trailer can
then be oper ted with the remaining pressure
regulator.

13. When moving the trailer from place to
place, cylinder valves should be closed.

Before servicing an aircraft gaseous oxygen
system care should be taken to insure that the
six manifold control valves on the trailer con-
trol panel are closed. If these valves are par-
tially opened, the cylinder pressure will equal-
ize from one to the other.

The following is a general procedure for
servicing a high-pressure oxygen system.
NOTE: Since aircraft oxygen systems vary in
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design, always check the applicable Mainte-
nance Instructions Manual or Maintenance Re-
quirements Card prior to servicing in aircraft
o xyg en system.

1. Prior to servicing (recharging) an air-
craft gaseous oxygen system, insure that the fol-
lowing conditions exist on the aircraft and the
oxygen servicing trailer.

a. The trailer and aircraft should
be properly grounded.

b. The line valve on the oxygen servic-
ing hose should be closed.

c. All six trailer manifold control
valves should be closed.

d. Both pressure regulators and their
associated shutoff valves should be closed.

e. All six individual cylinder valves
should be opened and the individual cylinder
pressures noted.
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2, Open the cylinder valve and then the
manifold control valve on the cylinder with the
lowest pressure above the aircraft system pres-
sure.

3. Open the two shutoff valves on each side
of the pressure regulator valve which is to be
used. NOTE: The oxygen servicing trailer is
equipped with two pressure regulators so that
in the event of the failure of one, the other may
be used.

4. Slowly open the pressure regulator valve
(by turning the control knob clockwise) and
allow the pressure to build up to the trailer cyl-
inder pressure. The set pressure of the regulator
may be noted on the regulator gage.

NOTE: A temperature correction chart is
given in the applicable Maintenance Instructions
Manual or on the side of the servicing trailer.
This chart is used to determine the pressure to
which the aircraft cylinders shuuld be filled.
This pressure depends on the ambient tempera-
ture, as may be noted on the thermometeron the
trailer manifold stand.

5. Slowly open the service valve on the
servicing hose and bleed the hose to insure that
all loose foreign matter that might be within the
hose is expelled.

6. Close the service valve on the hose and
attach a high-pressure adapter to the coupling
nut on servicing valve.

7. Oper the access panel to the aircraft
oxygen filler valve. Check the filler valve and
the area around the filler valve for any trace of
oil, grease, or any otherforeignmaterial.Clean
the area if necessary. Unscrew the dus
from the filler valve.

8. Connect the service hose high-pressure
adapter to the aircraft filler valve.

9. Slowly open the service valve on the
hose. When there is no longer a flow of gas
(lower manifold gage is within 15 pounds of the
supply cylinder gage), close the cylinder valve
and the manifold control valve, and repeat the
process with the cylinder with the next higher
pressure. Work cylinders in increasing order
of their pressure until the aircraft system pres-
sure has reached the desired reading.

NOTE: Oxygen under high pressure will in-
crease in temperature during the servicing pro-
cedure. In order to obtain the desired pressure
in the aircraft system, cylinders shouldbefilled
slightly above 1,800 psi (+ 50 to + 200 psi), de-
pending upon the ambient temperature.

10. After fully charging the aircraft system,
close the service hose valve, shutoff valves,

pressure regulator and associated shutoff
valves, manifold control valve, and cylinder
valve in that order.

11. Disconnect the servicing hose from the
aircraft filler valve and relieve the hose pres-
sure by opening the service valve on the hose.

12. Close the service valve and stow the
hose in the trailer hose basket.

13. Replace the aircraft filler valve dust cap
and the access plate.

Liquid Oxygen System Servicing

Liquid oxygen is one of the most dangerous
materials with which the AME may come in
-ontact. The potential hazards in handling liquid
oxygen are the result of its chemical activity and
two of its properties: extreme cold and expan-
sion upon conversion to gas.

Because of its C.t r mely low temperature,
liquid oxygen can freeze or seriously damage
human tissue on contact. The effects are sim-
ilar to those caused by frostbite or burn. When
working with liquid oxygen, take care to stand
clear of boiling and splashing liquid. Be partic-
ularly careful when filling a warm container as
vigorous boiling, sloshing, and gasification may
take place. Liquid oxygen boils at -183° C
or -297 °F. The critical temperature of oxygen
is -118° C or -182°F, and the critical pressure
is 735 psi. Any further increasein pressure will
not prevent liquid oxygen from evaporating at
this tt mperature.

UndLr certain humidity conditions, lines and
connections on liquid oxygen plumbing will freeze
;-,nd watc: vapor from the atmosphere will con-

nse and freeze on uninsulated parts. If these
areas are touched without protection, they may
freeze to the skin on contact. Flesh tearing and
severe cold injury may be suffered in attempts
to get free.

Spilling of liquid oxygen in a poorly ventilated
area will so enrichen the atmosphere that it
presents a severe fire hazard. If exposed to
liquid oxygen under certain conditions of tem-
perature and pressure, some organic materials
and flammable substances react violently with it.
(These include oil, grease, dirt containing oilor
grease, tar, asphalt, gasoline, kerosene, JP fuel,
propane, butane, alcohol, ether, hydrogen,
illuminating gas, acetylene, paint, cloth, and
wood.) If exposed to liquid oxygen, these mate-
rials will burn violently, even when ignited sev-
-ral minutes after exposure. If vapor from
'quid oxygen mixes with fuel vapor in certain
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proportions, tiw mixture will explode in the
presence of a sufficient source of ignition.
These mixtures are also percu:--i 11 sensitive
and will explode if subjected t, n shocks.

All combustibles are poteu;i.ti explosion
hazards when mixed with liquid oxygen. Mere
mixture of liquid oxygen with powdered organic
materials under certain conditions niay cause
explosion.

The following general precautions apply to
handling liquid oxygen:

Do not operate liquid oxygen equipment un-
less qualified or working under the supervision
of qualified personnel.

Goggles or safety glasses with side shields
or a face shield should be worn when handling
liquid oxygen.

Do not handle with bare hands any tubing or
fittings through which liquid oxygen is flowing.
Wear clean, dry gloves when handling parts of
equipment cooled by liquid oxygen. Leather
gloves are preferable, but asbestos gloves may
be used if they are treated or lined to prevent
the penetration of splashed liquid.Gloves should
be loose-fitting so that they can be thrown off
quickly if any of the liquid oxygen gets into
them.

In the event that liquid oxygen is spilled on
clothing, remove the clothing immediately and
air it promptly. In general, all clothing should
be worn so that in the event of spillage, the
liquid will r, '1 off the clothing and not become
trapped in g.oves, shoes, or pockets. Other
items of protective clothing advisable are plas-
tic or rubberized fabric aprons; high top shoes
or rubber boots; and cuffless trousers worn
outside the shoe tops. The clothing should not
have pockets, and sleeves and trousers should
not be rolled up.

In the event that the body comes into con-
tact with liquid oxygen or there is reason to

uspect some part of the body has been fro-
Len or chilled, thaw the exposed area, pre-
ferabley by immersion or by bathing it in water
which is slightly above normal body tempera-
ture; wrap the exposed area loosely with clean,
dry dressing; and report to a doctor immedia-
tely. Do not apply anything else to the affected
area other than the clean, dry dressing.

Do no l. permit smoking, open flames, or
sparks in the liquia oxygen handli areas.

Do not carry matches in luic (.xygen han-
dling areas.

Keep work area and equipm, iree from oil,
grease, or any other combustible material.

Keep tools and clothing free from oil and
grease.

Avoid spilling liquid oxygen on floor or deck
areas. In case of accidental spillage, ventilate
the area thoroughly.

Always call oxygen by its proper name.
Do not confuse it with compressed air. Never
use oxygen in place of compressed air for any
purpose.

Handl( converters, storage tanks, and trans-
fer equipment with care to avoid damage to the
insulating space.

When transferring liquid oxygen, do not
leave valves open all the way. Open valves
wide, and then immediately close them about
one-fourth turn; otherwise they may freeze in
the open position.

Disconnect filling or transfer lines as soon
as the transfer process is completed.

Do not leave liquid oxygen in a closed con-
tainer or trapped in a line between two valves;
always open a valve on one end to avoid exces-
sive pressure buildup.

Use only standard approved equipment in the
handling and storage of liquid oxygen.

Do not introduce moisture into the system.
Exercise care to insure that no moisture is
present on filler valve nozzles when they are
connected or disconnected.

Purge piping and equipment with dry, water-
pumped nitrogen or gaseous oxygen before and
after making any repairs.

When transferring liquid oxygen aboard ship,
position the transfer trailer so that it will not
shift with the pitch and roll of the ship. Lock
the brakes and tie down the trailer.

Before recharging an aircraft liquid oxygen
system make sure that the aircraft is in an
open, ventilated area; that the aircraft is not
being fueled; that the aircraft electrical system
is OFF; and that the aircraft is static grounded.

NOTE: Some operating commands require
additional static grounds. These include ground-
ing the liquid oxygen trailer to the deck as well
as to the aircraft. These additional precautions
have merit due to the fact that static charges
may be built up during previous servicing and
transfer hose purging as well as during move-
ment of the trailer about the line.

There should be no auxiliary power units or
starting units connected to the aircraft or oper-
ating elsewhere in the vicinity.

A CO2 fire extinguisher should be immedia-
tely available.
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All personnel should be kept clear of the air-
craft overboard vent.

Even though it is possible for one man to
service an aircraft liquid oxygen system, two
qualified men should be present during every
servicing operation. The second man is the
safety and backup man. The second man should
observe the first operator's every move to in-
sure that safety precautions are complied with
and in the event of an accident to secure (he
equipment, render first aid, or man the fire ex-
tinguisher if necessary.

Before liquid oxygen can be transferred
from the servicing trailer, it is first necessary
to build up the tank pressure. The following
steps should be performed in preparing the
servicing trailer:

1. Check the supply of liquid oxygen in the
trailer by closing the capacity gage valve (10,
fig. 10-14) and noting the level indicated on the
gage. NOTE: The capacity gage valve should be
reopened immediately to prevent damage to the
gage.

2. Check both pressure relie valves (2
and 9) for freedom of operation.

3. Close the vent valve (5), and check to be
sure that the fill-drain valve (6) is closed.

4. Slowly open the pressure buildup valve
(7) and allow the tank pressure to build up. Ob-
serve the tank pressure on the tank pressure
gage (11). When a reading of 25 to 30 psi is
reached, close the buildup valve and proceed
with the transfer of liquid oxygen.

The valves on the control panel of liquid
oxygen trailers are color coded for easy identi-
fication. Table 10-1 gives valve identification
(valve name, letter designation, and color) and
the position of each during pressure buildup
and transfer conditions.

After the tank has been pressurized, posi-
tion the trailer so that the transfer hose will
reach the aircraft liquid oxygen converter (fig.
10-15) and proceed as follows:

Remove the transfer hose from its trough.
Remove the dust cap from the filler valve of

the transfer hose. Place the hose filler valve
firmly and squarely against the puring device
(1, fig. 10-14). Open the fill-drain valve. Watch
the pressure gage and open the pressure build-
up valve as necessary to maintain a pressure
of 25 to 30 psi. Continue purging until liquid
oxygen flows in a steady stream from the purg-
ing device drain line. Purging cools the hose
and filler valve, thus saving time in servicing
converters.
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1. Purging device.
2. Tank pressure relief valve No. 1.
3. Vacuum gage and controls.
4. Transfer hose.
5. Vent valve "E" (red).
6. Fill-drain valve "C" (blue).
7. Pressure buildup valve "D" (white).
8. Capacity gage.
9. Hose pressure relief valve No. 6.

10. Capacity gage valve "B" (black).
11. Pressure gage.
12. Vacuum valve "A" (yellow).

Figure 10-14.Liquid oxygen trailer control
panel.

NOTE: While purging, turn the filler valve
occasionally to keep it from freezing to the
purging device.

CAUTION: A clean container should be
placed under the purging device drain line.

Open the pressure buildup valve and allow the
tank pressure to build up. The LOX trailer tank
should be pressurized in accordance with the
Operation and Service Instructions Manual for
the particular type trailer. The instructions for
the use of the Type NO 4 LOX trailer specifies
that the tank pressure ,uld not exceed 50 psi.
Most transfers with uils equipment may be
made at 30 psi.

NOTE: The aircraft and the servicing trailer
must be grounded prior to servicing the aircraft
LOX converter.
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Table 10-1.Valve data.

Servicing Trailer Valves

Valve Identification Functions

Letter Valve knob
color

Valve name Pressure
buildup

Transfer

A Yellow Vacuum Closed Closed

B Black Capacity
gage

Open Open

C Blue Fill-drain Closed Open

D White Pressure
buildup

Open Closed*

E Red Vent Closed Closed

*When the pressure falls below transfer pressure, it will be necessary to
open valve "D" until desired pressure is obtained.

Open the access door to the aircraft con-
verter filler valve and remove the dust cap.
Connect the transfer hose to the converter filler
valve.

NOTE: Some aircraft LOX systems must be
manually vented before connecting the hose filler
valve to the converter filler valve.

Fill the converter until liquid oxygen flows
from the overboard vent line in a steady stream.
The first amount of liquid oxygen (1 to 2 liters)
to flow into the converter will be evaporated in
cooling down the converter and will produce a
great amount of gaseous oxygen. This gaseous
oxygen will flow out the overboard vent line.
When this flow of gaseous oxygen slows down,
liquid is entering the converter. The converter
is considered to be full when a steady stream of
liquid flows out the overboard vent.

CAUTION: A clean drain pan should be placed
under the converter overboard vent line to catch
the liquid oxygen which flows out as the con-
verter is filled.
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After filling is completed, close the fill-
drain valve on the trailer. Relieve pressure
in the transfer hose by connecting the hose filler
valve to the purging device.

Replace the dust cover on the transfer hos?
filler valve.

Open the trailer vent valve (5, fig. 10-14).
Replace the converter filler valve dust cover.
Close the converter access door.

Draining Liquid Oxygen Converters

Liquid oxygen converters must be drained
occasionally for maintenance and periodically
for purging. Draining may be accomplishedwith
the converter installed or removed. Draining
should be accomplished in accordance with the
instructions contained in the applicable Mainte-
nance Instructions Manual.

Draining is usually accomplished by remov-
ing the supply quick disconnect from the
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LIQUID OXYGEN
-COMPARTMENT

4QUID OXYGEN
SERVICING TRAILER

OXYGEN QUANTITY
INDICATOR LEADS

AM. 206
Figure 10-15.Liquid oxygentransfer.

converter and installing a drain line which is
equipped with a quick disconnect and placing the
open end in a suitable container. Draining should
be accomplished in an open, well-ventilated area.
A fire extinguisher should be readily available.

NOTE: Protective clothing should be worn
when draining a liquid oxygen converter to avoid
being splashed with liquid oxygen.

The drained liquid oxygen should be left in
the open and allowed to evaporate.

PNEUMATIC SERVICING

Landing gear struts, hydraulic accumulators,
and various air storage bottles throughout most

naval aircraft must be serviced with compressed
air or nitrogen.

Pneumati Servicing Equipment

The three main types of pneumatic servicing
equipment are the portable nitrogen/air bottle,
the air or nitrogen servicing trailer, and the
portable, high-pressure air compressor.

PORTABLE NITROGEN/AIR BOTTLES.
The portable nitrogen/air bottle is a small high-
pressure cylinder in a tubular steel frame. It
has a pressure regulator and two gages. One
gage indicates cylinder pressure and the other
indicates regulated pressure. A valve mounted
on the cylinder allows the user to shut the air
off when the bottle is not in use.

Each portable nitrogen/air aottle has re-
charge and servicing instructions printed on a
plate which is attached to the frame. Only dr./
filtered air or nitrogen should be used in re-
charging a nitrogen/air bottle which is to be
used in servicing aircraft components. When
recharging a portable nitrogen/air bottle, care
should be taken to insure that the cylinder pres-
sure does not exceed that listed in the instruc-
tions.

AIR OR NITROGEN SERVICING TRAILER.
A servicing trailer similar to the one shown in
figure 10-16 will be found at most naval air ac-
tivities for servicing aircraft hydraulic and
pneumatic systems. This trailer is designed to
carry six air or nitrogen storage cylinders and
the necessary flow controlling mechanisms. It
has a 30-foot hose which is stowed in a
box mounted between the top two bottles.

The air or nitrogen servicing trailer has a
purifier (dehydrator) assembly. This purifier
assembly is essentially a reservoir which con-
tains a chemical drying agent. This chemical
drier is provided to remove any moisture which
may have adhered to the valves or have been
accidentally introduced into the system. The
chemical is contained in a metal cartridge or
can which is changed periodically. The gas
passes through the drier just before it enters
the servicing hose.

The trailer has a set of manifold control
valves and two regulator valves similar to those
found on the gaseous oxygen trailer.

The bottle on the air or nitrogen servicing
trailer may be recharged using ahigh-pressure
compressor.

NOTE: When recharging the cylinders on
the air or nitrogen servicing trailer, insure
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Figure 10-16.Air or nitrogen servicing trailer.

that the cylinder pressure does not exceed the
pressure specified for the equipment being re-
charged.

When operating the servicing trailer, the
following precautions for safe operations should
be observed.

Only a qualified operator should operate the
trailer while charging a system or component.
Complete familiarity with the trailer is a basic
prerequisite to safe operating techniques.

The servicing hose end and installation con-
nection fitting should be throughly inspected

UPPER

MANIFOLD

PURIFIER

\REGULATORS

AM. 207

prior to servicing and any particles of foreign
material removed.

Never charge a system or component without
the uroper fusible safety plug and blowout disc
in the trailer charging system.

Always know the pressure existing in the
system to be filled and the pressures in all the
cylinders to be used up in the cascadingprocess
before commencing charging operation.

A malfunctioning pressure regulator should
be disconnected from the line closing its
associated shutoff valve. The trailer can
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then be operated with the remaining reg-
ulator.

The charging hose must never be tightly
stretched to reach a connection. Position the
trailer so that the hose is not under tension while
servicing an aircraft.

After servicing an aircraft system, the serv-
icing hose should be stowed in its container to
insure that it is not damaged by dragging along
behind the trailer.

AIR COMPRESSORS.There are many mod-
els of compressors in use throughout the Navy.
Such a variety makes it difficult, at best, for the
average man to be master of all. The situation
is further complicated by the variety of config-
urations of dials and gages, regulator controls,
hoses, and hose fittings on the same model
compressor.

Most air compressors have an instructions
plate mounted on the control panel to aid in
proper operation. These instructions plates
should be kept in good condition; that is, they
should not .be painted over or scratched and
marred. If the instructions plate isnot available
on the compressor, the Operations and Service
Instructions Manual for the particular air com-
pressor will contain all the necessary instruc-
tions for the operation and maintenance of the
compressor.

Most of the newer high-pressure type air
compressors will supply air pressure from 0 to
5,000 psi. Handling of compressed air at pres-
sures up to 5,000 psi requires extreme caution.
The following servicing instructions will helpto
insure a safe job:

1. Always use a remote control pressure
gage that is not defective and is properly cali-
brated. NOTE: In accordance with current in-
structions, all gages used in servicing aircraft
hydraulic and pneumatic systems must be cali-
brated periodically to insure their accuracy.

2. Never use an uncontrollable source of
high-pressure air. Always use a regulator in
the air system.

3. Always open the control valves slowly.
Inflate the component slowly-10 psi incre-
mentsuntil the recommended pressures are
reached.

High-pressure air compressors like the air
or nitrogen servicing trailer are equipped with
one or more dehydrators. The cartridges used
in these deydrators must be replaced pe-
riodically, depending upon the weather condi-
tions. In damp, humid weather it will be neces-

sary to replace the dehydrator cartridges more
often than in dry, arid weather.

High-Pressure Air Valve

The high-pressure air valve shown in figure
10-17 is used on most naval aircraft. This air
valve (referred to by its MS number, MS
28889-1) is used on struts, accumulators,
air storage bottles, and various other compo-
nents which must be serviced with high-pressure
air. Unlike the old type high-pressure air valve
(AN 6287), which may be found occasionally on
old type aircraft, the MS 28889-1 air valve has
no valve,core.

When servicing a system equipped with a
high-pressure air valve, exercise extreme cau-
tion. If a system is low on pressure, this is
generally an indication of a leak that must be
found and corrected. To release the air pressure
from a system equipped with a high-pressure air
valve, remove the dust cap from the valve and
release the pressure by slowly turning the swivel
nut counterclockwise.

CAUTION: When loosening the swivel nut,
make sure the hex body nut is either lockwired
in place or held tight with a wrench. If it is

DUST

CAP

VALVE

STEM

3/4 - INCH
SWIVEL NUT

LOCKWIRE HOLE

3/4-INCH
HEX SECTION

"0" RINGS

BODY THREADS

PIN

VALVE
STEM
SEAT

AM,208
Figure 10-17.High-pressure air valve, MS

28889-1.

401

417



AVIATION STRUCTURAL MECHANIC E 3 & 2

loosened before the air pressure is relieved,
serious injury may result.

If it becomes necessary to replace a leaking
high-pressure air valve, reinstall the new air
valve assembly, using a new 0-ring packing. The
recommended torque for tightening the hex body
is 100 to 110 inch-pounds. After the hex body is
torqued, it is lockwired to the component or sur-
rounding structure as specified in the Mainte-
nance Instructions Manual, using the holes pro-
vided in the hex body nut.

When the correct pressure has been reached
in a system being serviced, the air valve is
secured by tightening the swivel hex nut in a
clockwise direction. The recommended torque is
50 to 70 inch-pounds.

Secure the pressure source, remove the air/
nitrogen pressure charging chuck, and replace
the valve cap. The valve cap is installed finger-
tight.

NOTE: Almost all systems have specific
servicing instructions; therefore, consult the
Maintenance Instructions Manual prior to serv-
icing any system. Landing gear struts, hydraulic
accumulators, reservoirs, etc., must be serv-
ice by qualified personnel within the AMH rating.
AME personnel are only respons ible for servic-
ing equipment or systems that are maintained by
their rating or equipment and systems which they
have been qualified to service as a result of their
assignment as a qualified plane captain.

Servicing Air Storage Bottles

Some aircraft use nitrogen/air storage
bottles for the various emergency operations
which are necessary for the safe operation of the
aircraft and the safety of the crew. Air storage
bottles are used for such functions as emergency
brakes, emergency landing gear extension, and
emergency canopy operation.

Some aircraft have a pneumatic system
which will maintain the required pressure in
these bottles in flight. However, most of these
pneumatic systems require servicing on the
ground with an external source of high-pressure
air or nitrogen prior to each flight.

Air storage bottles are serviced in the same
manner as accumulators. Most air bottles have
an air filler valve and a pressure gage. These
systems generally require higher servicing
pressure than accumulators. In most cases, the
high-pressure compressor or other special
equipment such as the nitrogen booster must be
used to obtain these higher pressures.

The canopy bungee cylinder on the A-4E
aircraft is an example of a storage unit which re-
quires pneumatic servicing. This unit aids in
opening and closing the canopy and in emergen-
cies removes the canopy from the aircraft. The
Maintenance Instructions Manual specifies the
use of high-pressure nitrogen in this unit; there-
fore, the nitrogen booster is used in servicing.
(See fig. 10-18.)

The nitrogen booster shown in figure 10-18

has one 1,800 psi bottle of nitrogen enclosed
behind the control panel an utilizes a source of
low-pressure air to operate thebooster or pump
which is used to boost the nitrogen to the re-
quired pressure.

Since gases expand with heat and contract,
when cooled, air storage bottles are usually filled
to a given pressure at ambient temperature. A
graph similar to that shown in figure 10-18 is

usually mounted on a plate or decal on or near
the bottle or air filler valve. If the instructions
plate is missing or not readable the information
may be found in the General Information and
Servicing section of the applicable Maintenance
Instructions Manual.

Pressure should be added to air storage
bottles slowly in order not to build up heat from
rapid transfer. Care should be taken to insure
that air storage bottles are not overinflated.
Inflation of Tires

Correct air pressure must be maintained to
receive satisfactory service from aircraft tires.
Air pressure must be checked daily with an
accurate gage. Tires must be inflated to the pres-
sures specified for the type of operation (ashore
or afloat) and the gross weight of the particular
type aircraft. Tire inflation data is usually found
as illustrated in figure 10-19. In case the plate is
missing from the aircraft, this data may also be
found in the General Information and servicing
section of the applicable Maintenance Instruc-
tions Manual.

Overinflation reduces the contact area of the
t ire, caus ing it to wear faster at the tread center.
Failure due to carcass ruptures and breaks in the
tire cords which result from contacts with for-
eign objects are usually causedbyoverinflation.

Underinflation increases contact area and
causes the tire to wear rapidly and unevenly at
the outer edges of the tread. An underinflated
tire flexes excessively and develops high tem-
peratures which weaken the tire cords. An un-
derinflated tire may also slip on the wheel when
landing and shear off the valve stem.
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Figure 10-18.Servicing the A-4E canopy bungee system.

To determine the proper inflation pressure,
check the inflation chart. For example, using the
chart in figure 10-19, if the gross weight of the
aircraft is 20,000 pounds, the correcttire pres-
sure for that aircraft when shore based would be
310 psi. When carrier based, the pressure would
be maintained at 350 psi regardless of the gross
weight.

If the tire pressure is found to be low, air
should be added from a regulated source. CAU-
TION: An unregulated high-pressure air source
for tire inflation is a hazard. Tire inflation
source pressure should be carefully monitored.
If high-pressure cylinders such as the portable
air bottle or the air or nitrogen servicing
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trailer are used, the regulator must be used to
prevent inadvertent overinflation.

A remote inflator unit should always be
used when inflating tires. The operator of this
unit should always stand at right angles to the
landing gear axle, directly in front or in the
rear of the tire. The operator should also stand
at the full length of the inflator unit hose. This
will prevent the operator from being struck
by pieces of the wheel in case of failure.

CAUTION: When an aircraft wheel is to be
removed from the aircraft, the air must
be removed prior to removing the wheel. This
precaution must be taken because of the pos-
sibility that the bolts in split type wheels might
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have been sheared from landing, thus causing
the wheel halves to separate when the axle nut
is removed. In the past, several people have
been killed by their failure to remove the air
from the tire before removing the axle nut.

AIRCRAFT LUBRICANTS AND
LUBRICATION

The proper lubrication of modern high-speed,
high-altitude aircraft is an extremetly important
part of line maintenance. All maintenance per-
sonnel should be familiar with the various types
of lubricants, their specific use, and the method
and frequency of application.

LUBRICANTS

Lubricants are substances which are spread
in a thin coat or film over surfaces which move
across each other to reduce friction and wear
between the surfaces. Lubricants also help to
dissipate heat generated in bearings, prevent
corrosive attack on bearing surfaces, and p rotect
the bearings from foreign particle contamina-
tion. If adequate lubrication is not provided as
specified in the various inspection requirements
and Maintenance Requirements Manuals, bearing
failure, binding of mechanisms, etc. can be ex-
pected. Lubricants are greases, oils, cr com-
pounds, and they come in a liquid or solid form.
A compound lubricant consists of grease mixed
with graphite, white lead, or other substances
for a specific purpose.

Proper lubrication is essential to the suc-
cessful operation of the aircraft's moving parts.
Greases and oils are the two most common lu-
bricants with dry film lubricants in limiteduse.

Greases used in roller element type bearings
generally consist of an intimate dispersion of a
thickening agent with oil. The oil can be a petro-
leum derivative (mineral) or chemical synthesis
(synthetic) depending on the expected tempera-
tures encountered in its application. The thick-
ener keeps the oil in suspension and acts as a
reservoir. As the moving parts come in contact
with the grease, oil adheres to the bearing sur-
faces. Bleeding of the oil from the grease takes
place gradually so that a small quantity of oil
sufficient for proper operation is continuously
supplied. The oil that is picked up by the moving
parts of the bearing gradually deteriorates from
the effects of oxidation, is lost by evaporation,
or is thrown free by centrifugal force. As this
process continues, the oil content of the grease

is depleted and the lubricant will no longer give
adequate service. It is for this reason that dur-
ing lubrication all the old lubricant should be
forced from each lubrication point until new lu-
bricant appears.

Types of Lubricants

It is impractical to cover each type of lubri-
cant approved by NavAirSysCom and in use at
the present time. The types of lubricants rec-
ommended for various aircraft applications will
vary with each type of aircraft to some degree
depending on the aircraft manufacturer. Some of
the more common types are discussed in the fol-
lowing paragraphs.

AIRCRAFT GENERAL PURPOSE GREASE,
WIDE TEMPERATURE RANGE.MIL-G-81322
is used in the lubrication of aircraft accessories
operating at high speeds over a wide tempera-
ture range(-65° to + 350° F). It was specifically
designed for use in aircraft wheel bearings, anti-
friction bearings, gear boxes, and plain bearing
applications that fall within the operating tem-
perature range. It is available in 1-pound cans,
35-pound pails, and 14-ounce cartridges.

NOTE: MIL-G-81322 grease is not compact-
ible with other lubricants. If it is to be used as
a recommended substitute for another type of
grease, insure that all traces of the original
grease are removed first.

AIRCRAFT GENERAL PURPOSE GREASE.-
MIL-G-7711 is designated for use in gear boxes,
anti-friction bearings, and plan bearings where
operation at both low and high temperatures
(-40° to + 250° F) may be required.

AIRCRAFT AND INSTRUMENT GREASE,
GEAR AND ACTUATOR SCREW.MIL-G-23827
is intended for use in ball, roller, and needle
bearings; sliding and rolling surfaces of instru-
ments, cameras, electronic gear, and aircraft
control surfaces; aircraft gears, actuator screw
mechanisms, and other equipment requiring a
lubricant with a high loadcarrying capacityover
a temperature range between -100° to + 250°F.
It can withstand temperatures up to 300° F for
short periods of time.

NOTE: MIL-G-23827 supersedes MIL-G-
3278, 7118, and 7421, which are still listed in
many Maintenance Instructions Manuals as of
this writing. MIL-G-23827 grease should not be
used in contact with rubber and painted or
acrylic surfaces as it will damage these sur-
faces. Bearings should be clean andfree of other
greases, oil, and water before application. While
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Figure 10-19.Tire inflation chart.

this is true in lubricating all bearings it is es-
pecially important when applying M1L-G-23827
grease.

PNEUMATIC SYSTEM GREASE.MIL-G-
4343B is intended for use as a lubricant between
rubber and metal parts of pneumatic systems.
It is also used on pressurized cabin bulk-head
grommets and other mechanisms where rubber-
to-metal lubrication is required.

MOLYBDENUM DISULFIDE GREASE.
MIL-G-21146C is intended for use as a lubricant
for accessory splines, heavy loaded sliding sur-

faces, and for antif riction bearings carrying high
loads and operating through wide temperature
ranges. The molybdenum disulfide affords better
than average reliability in preventing or delaying
seizure in the event of marginal or inadequate
lubrication.

AIRCRAFT BALL AND ROLLER BEARING
GREASE.MIL-G-25013D is intended for use in
antifriction bearings exposed to low torque at
temperatures as low as -100° F and will pro-
vide adequate lubrication for extended periods
at temperatures as high as + 450°F.

NOTE: MIL-G-25013D supersedes MIL-G-
27343A which may appear in some Maintenance
Instructions Manuals and (03) Overhaul Manuals.

GENERAL PURPOSE GREASE.MIL-G-
23549A is a molybdenum disulfide grease in-
tended fo.. general purpose use on automotive
and ground support equipment that could be ex-
posed to high-pressure steam, salt water, high
load, and high temperatures and low speed. It
is not generally designed for aircraft use.

NOTE: In all cases utilize the type of lubri-
cant designated in the General Information and
Servicing volume of the applicable Maintenance
Instructions Manual and the applicable Mainte-
nance Requirements Cards.

GENERAL PURPOSE LUBRICATING OIL.
Oil procured under Specllication MIL-L-7870,
is used primarily for general squirt can lubri-
cation. It is used on canopy tracks, aileron and
trim tab hinges, and many other locations on the
aircraft where a light, low-temperature, corro-
sion-preventive lubricant is required.

Federal Specification VV-L-800 is a pre-
servative type lubricating oil which contains
corrosion and oxidation inhibitors and water-
displacing agents. This type lubricating oil is
specified for use on most aircraft as a lubri-
cant for all piano hinges.

METHODS OF APPLICATION

The different types of lubricants can be ap-
plied by any one of the following methods, as
applicable.

Grease Guns

Grease guns are used for general heavy-duty
lubrication. There are numerous types and
sizes of grease guns available for differentpur-
poses. The lever type and pressure type guns
are two of the many types.
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Grease guns are used in Conjunction with
"zerk" fittings for lubrication of landing gear
actuators and other similar components. The
operation of the zerk fitting is similar to the
one-way check valves found in hydraulic sys-
tems. When the grease gun is removed, a
spring-loaded ball check is seated, preventing
the grease in the unit from escaping back
through the fitting.

A special flush type grease fitting is now
being used on many installations to replace the
old zerk type fitting. They are press fitted into
the unit and require an adapter, which can be
attached to both type guns.

Figure 10-20 illustrates both types of guns
with the adapter. The grease guns may be
equipped with a flexible hose instead of a rigid
extension.

AM.
Figure 10-20.Grease guns.

Oil or Squirt Can

Oil or squirt cans are used for general lu-
brication, using the specified oils for the com-
ponent or part being lubricated. Always check
to make sure the squirt can contains the proper
lubricant before using it.
Hand

This method of lubrication is generally em-
ployed for packing wheel bearings.

Brush

This method of lubrication is employed when
it is necessary to cover a large area with a lu-
bricant or for coating tracks and guides.
L UB RIC ATION C HARTS

The lubrication requirements for each model
of aircraft are given in the General Information
and Servicing section of the Maintenance Instruc-
tions Manual. These instructions appear in the
form of tables and charts.

A table of lubricants similar to the one illus-
trated in figure 10-21 lists all of the various
types of lubricants to be used in lubricating the
entire aircraft. Additional information, such as
frequency symbols, application symbols, speci-
fication numbers and symbols, and the NATO
symbol, is provided on this table.

The lubrication of most new type aircraft is
performed using the applicable Maintenance Re-
quirements Card as a guide. Lubrication is re-
quired at the intervals specified on the various
Maintenance Requirement Card sets (Preflight,
Daily, Postflight, Special (7 day, 14 day, etc.),
Conditional, and Calendar). Figure 10-22 illus-
trates one of the lubrication cards used in ac-
complishing the 105 day special inspection on
the F-4 aircraft. The card shows the types of
lubricants required, number of lubrication
points, an illustration of the unit to be lubrica-
ted, and the method of application.

NOTE: The frequency symbols used in fig-
ure 10-21 are not necessarily standard for all
aircraft. In reading the lubrication chart for a
particular aircraft, always refer to the applica-
ble table of lubricants for the correct interpre-
tation of all symbols.

GENERAL LUBRICATION
PROCEDURES

213 . Prior to lubricating any components or
parts, all foreign matter should be removed
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MILITARY

SYMBOL

NONE

CI

RAW

GI A

GGA

CAW

1141

,PS

OCR

OGP

Pt SPECIAL

NONE

TABLE Of LUBRICANTS

NATO 7
SYMBOL NOMENCLATURE

spionaTION
LNUMBER

ANTISEIZE COMPOUND, EEL PRO C S

lEIT PRODUCTS . CHICAGO. ILL

CORROSION .PRE'VENTIVE COMPOUND.

SOLVENT CUTBACK COLD APPLICATION

' GREASE AIRCRAFT, BAU AND ROLLER

' BEARING. WIDE TEMPERATURE RANGE

G 354 GREASE, AIRCRAFT AND INSTRUMENT MIL-G.230
GEAR AND ACTUATOR SCREW

G 355 GAME, GRAPHITE. AIRCRAFT MIL-G-7187

LUBRICATING

GREASE, MOLYBDENUM DISUlfIDE MIL-G-21164

C 635 HIDRAULIC 'NUT. PETROLEUM H 6083

BASE. PRESERVATIVE

LUBRICATING GREASE, PNEUMATIC SYSTEM MIL G. 4343

LUBRICATING OIL, GEAR, PETROLEUM BASE t- Mill 6086

0 142 LUBRICATING OIL, GENERAL PURPOSE lOW MIL I 71371)

TEMPERATURE

ULULATING OIL, GENERAL PURPOSE, V V -800
PRESERVATIVE

MOLYBDENUM DISULFIDE POWDER, MR M.7866

1 LUBRICANT

PAR C 16173,
GRADE 3 AND 4

MIL-G-81322A

fREOUENCY SYMBOLS

ODD

,NSPECTION

SPECIAL

EVEN

INSPECTION

"EH
GREASE GUN

OILCAN

NEM
ADAPTER fOR GUN

BRUSH HAND

AM. 214
Figure 10-21.Lubrication chart.

from joints, fittings, and bearing surfaces. A
clean soft cloth saturated with a cleaning solvent
can be used for this purpose. The lubricant
should be applied sparingly to prevent accumula-
tion of dust, dirt, andother.foreign matter.

When applying lubricants through pressure
type fittings with a grease gun, make sure the
lubricant has emerged around the bushing. If no
grease appears around the bushing, check the
fitting and grease gun for proper operation.
Always make sure the grease gun is properly
attached to the fitting and wipe up all excess
grease when finished. If the new flush type
fitting is being used, the grease gun must be
equipped with the flush type adapter, and it
must be held perpedicular to the surface of the
fitting when greasing, if possible.

NOTE: Some of the high-speed mechanisms
on modern aircraft are critical as to the lubri-
cant required. If the exact lubricant specified
in the Maintenance Instructions Manual cannot
be obtained, and there is no substitute listed,
a substitute should be requested from higher
authority, and only their recommended substitu-
tion should be used.

Clean up all spilled or excess oil or grease
after the aircraft is lubricated. Never allow oil
or grease to come in contact with oxygen equip-
ment. Some types of synthetic compounds are
harmful to rubber, neoprene, and electrical ma-
terial. They will also soften paint and should be
removed as soon as possible with a clean cloth.

MAINTENANCE DOCUMENTATION

The numerous maintenance tasks that are
performed on the line are never complete until
the necessary maintenance documentation
(MAF's, SAF's, etc.) have been completed and
turned in for processing. Throughout this manual
various examples of this documentation have
been shown with their intended use.

Ln order to achieve the highest possible state
of aircraft readiness and reliability at the lowest
c:..st in manpower, money, and material, mainte-
nance documentation cannot be overstressed.
Detailed instructions on the use andpreparatior.
of th,a Yaricus maintenance document forms are
px:.:ided in Military Requirements for Petty Of-
ficer 3 & 2, NayPers 10056 (Series) and OnNav
Instruction 4790.2 (Series).

AIRCRAFT JACKING

The AME should be familiar with the jacking
of an aircraft in order to be able to assist
in performing routine maintenance. Since jacking
procedures and safety precautions vary for dif-
ferent types of aircraft, only general jacking
procedures and precautions are discussed in this
chapter. Consult the applicable Maintenance In-
structions Manual (General Information and
Servicing section) for specific jacking proce-
dures.
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4 '2 3



AVIATION STRUCTURAL MECHANIC E 3 & ,

CARD TIME

I I RTG. AKE
NO

1

SPECIAL
105 DAYS

EJECTION SEAT
LUBRICATION

ELECNR KC-1
HMINR NA

TASK
MIN.

WORK
AREA

MOs, 6062
NO. 1

PuBL ICA TION NUMBER

HAVAIR 01-245FDD-6-3
CARD SET DATE
1 JUNE 1971

CHANGE NO.

30.0 14,15

SPECIAL TOOLS/EQUIPMENT
Brush 1 Inch

Oiler, Hand 77335-1105

CONSUMABLES/REPLACEMENT PARTS
Grease, Aircraft and Instrument 1IL-G-23827
Oil, General Purpose 'cll.-L-7870

NOTE: Clean all lubrication points ar_ 3ur ices prior to
application of lubricant; wipe off excess lubrication
upon completion.

1. Lubricate fwd and aft ejection r, 3 (top and right side) as

follows:

ITEM NOMENCLATURE NO. OF POINTS SPECIFICATION

1. Face Curtain Handle 1 MIL-L-7870

2. Leg Restraint Locking Plunger 1 MIL-G-23827

r ,40 i PUBLiCA T ION NUMBER

46.2INAVAIR 01-245FDD-6-3 EJECTION SEAT

CHANGE NO.

L-71701/

NOTE

L-7870

LUIRICAT1ON SHOULD APPLIED SPARINGLY AND CARE
MUST EXERCISED TO PROTECT CLOTH GOODS AND
INITIATORS DURING APPLICATION.

AM. 1212
Figure 10-22.Maintenance Requirements Card for lubricating an aircrar
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The aircraft to be jacked must be located
in a level position, well protected from the wind.
A hangar should be used if at all possible. The
Maintenance Instructions Manual for the aircraft
being jacked should be checked for the location
of the jacking points. These jacking points are
usur' !ocated in relation to the aircraft center
of .ty so that the aircraft will be well bal-
ancei un the jacks. However, there are some
r'itions to this. On some aircraft it may be
7. r;sary to add weight to the nose or tail to
ar.i.,,ve a safe balance. Sandbags are usually
used for this purpose.

Tripod jacks similar to the one shown in fig-
ure 10-23 are used when the complete aircraft
is to be jacked. A smaller jack similar to the
one shown in figure 10-24 is used when only one
wheel is to be raised. The jacks used for jack-
ing aircraft must be maintained in good condi-
tion; a leaking or damaged jack trust never be

AM. 216
Figure 10-23. Tripod jack.

AM. 217

Figure 10-24.Single-base jack.

used. Also each jack has a maximum capacity,
which must never be exceeded.

PROCEDURE FOR JACKING
COMPLETE AIRCRAFT

Prior to the actual jacking of the aircraft,
an overall survey of the complete situation
should be made to determine if any hazards to
the aircraft or personnel exist. Tripod jacks of
the appropriate size for the aircraft being jacked
should be placed under the aircraft jacking points
and perfectly centered to prevent them from
cocking when the aircraft is raised. The legs of
the jacks should be checked to see that they will
not interfere with the operations to he performed,
such as retracting of the landing gear, after the
aircraft Is jacked.
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Jacrk i-,ads, which are used as adapters
betwedtf the jacks -Ind the aircraft jacking
points, are carefully installed and must fit
perfectly. The jacks should be extended until
they contact the jack pads. A final check for
alignment of the jacks should be made before
the aircraft is raised, as most accidents that
occur during jacking are the result of mis-
aligned jacks. Figure 10-%"5 illustrates two typ-
ical types of jack pads.

When the aircraft is ready to be raised, a
man shculd be stationed at each jack. The jacks
should be operated simultaneously to keep the
aircraft as level as possible and to avoid over-
loading any of the jacks. This can be accom-
plished by having the crew leader stand in front
of the aircraft and give instructions to the men
operating the jacks. Figure 10-26 illustrates an
aircraft being jacked.

WING JACK PAD ASSEMBLY

FORWARD JACK FITTING

AM. 218
Figure 10-25.--Jack pads.

CAUTION: On many jacks the piston can
be raised beyond the safety point; therefore,
never raise an aircraft any higher than is nec-
essary to accomplish the job at hand.

CAUTION: Avoid overextension of the
threaded extension. While its compression
strength is equal to the compression strength of
the jack as a whole, its thin cross-sectional area
makes it particularly susceptible to bending arid
breaking under side loads, especially when near
its full extension.

NOTE: While jacking, the piston locknuts
(fig. 10-23) should be moved down as the piston
is raised. This will prevent the jack from col-
lapsing in the event of a sudden loss of fluid.
When jacking is complete, the locknuts should
be locked snugly against the jack body.

The area around the aircraft should be
secured while the aircraft is on jacks. Climb-
ing on the aircraft should be held to an ab-
solute minimum, and no violent movements
should be made by persons who are required to
go aboard. Safety jacks or cradles designed to
support the aircraft while on jacks should be put
in place as soon as possible, particularly if the
aircraft is to remain jacked for any length of
time.

Jacking procedures aboard ship require an
extra measure of caution because of ship move-
ments. Permission to jack the aircraft must
be given by the activity's maintenance control.
No jacking will be authorized unless the weather
is calm and the ship is expected to be on
a straight course during the time the aircraft
will be on jacks.

Figure 10-27 illustrates the shipboard jack-
ing arrangement for the A-4E aircraft. Addi-
tional TD-1 tiedown chains may be utilized to
anchor the jacks in position as a further
measure of safety. Additional tiedown chains
may also be added to landing gear and other tie-
down attach points if drop checking operations
permit.

PROCEDURE FOR JACK-
ING ONE WHEEL

There are many different types of jacks used
for jacking one wheel of an aircraft to change a
tire or grease wheel bearings. They range in
tonnuge from 3 to 50 tons. The specific mainte-
nance manual must be consulted for the recom-
mended jack. Before the wheel is raised, the re-
maining wheels must be chocked fore and aft to
prevent movement of the aircraft. If the aircraft
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WING JACK PAD ASSEMBLY

NOTE

If major equipment has been removed from

forward fuselage and engines arc installed,

Use aft fuselage jack point to steady aircraft.

FORwARD JACK FITTING

1.

2.

3.

4.

S.

Defuel aircraft to landing weight to reduce

structural loads.

Inflate landing gear struts. See Warning nut,.

Install forward fuselage and wing lack pads.

Jack wing and forward fuselage points evenly.

When aircraft is jacked to desired height, set

ram safety nuts.

Lower

to prevent

Do not
source

//~17/17

WARNING
0WWWWWW959.9PPYVZ

aft fuselage jack before any other jacks

structural damage.

use more than 1000 PSI air

when inflating struts.

Figure J 0-26.Jacking complete aircraft.

Is equipped with a tailwheel, it must be locked.
The wheel should be raised only high enough to
clear the deck. Figure 10-28 shows anosewheel
being raised.

MISCELLANEOUS GROUND
HANDLING EQUIPMENT

When assigned to the line division, the
AMEAN or AME3 may be required to assist in
the starting of aircraft engines or ground testing
of various items of aicraft equipment. To do this
it will be necessary to know how to operate equip-
ment such as mobile electric powerplants and
gas turbine compressors. Special training and in

AM.219

some cases licensing is required of Operators
of such equipment.

MOBILE ELECTRIC
POWERPLANTS (MEPP)

There are many different types of mobile
electric powerplants in common use. Some types
are sell-propelled and others must be pushed
or towed to the aircraft which is tobe serviced.
The NC-5, NC-7, NC-10/10a, NC-12 and 12A,
and the Mobile Motor Generator (MMG) units
are still in use throughout the Navy andpossess
similar controls and operating features. Since
special training is required and provided by
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AIRCRAFT
TIEDOWN BAR

Figure 10-27.Shipboard jacking arrangementA-4E.

ground support equipment personnel to insure
that such equipment is operated only by fully
qualified operators, only brief descriptive cov-
erage is provided in this manual on the NC-5
and the NC-7B.

Operation and servicing instructions for the
various types of mobile electric powerplants can
be located by referring to the applicable Nav Air
19 (Series) Operating and Servicing Manual for
the specific model equipment as listed in the
Nav Air Publications Index, Nav Air 00-500A.

NC-5 Power Unit

The NC-5 is a self-propelled electric power
unit. It may be driven from place to place in the
same manner as any other motor vehicle.

It has provisions for delivering three dif-
ferent kinds of powerconstant voltage variable
current d-c electrical power fur starting jet air-
craft engines; constant voltage d-c power for
starting reciprocating aircraft engines or jet
aircraft engines in aircraft having a single bus

412
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type electrical system; and 115/200-volt, 3-
phase, 400-Hz alternating current for checking
and operating a-c equipment, each through a
separate cable.

The power cables are plugged into the air-
craft electrical system at an external power
receptacle. Figure 10-29 shows the NC-5 and
the external power receptacle similar to that
found on most new aircraft. Aircraft with this
type external power receptacle require the use
of only one type power, 115/200-volt, 400-Hz
alternating current (a.c.).

Some aircraft require the use of 28-volt di-
rect current (d.c.) for starting reciprocating
engines. Figure 10-30 shows the external power
receptacle used on an aircraft which requir,
both 400-Hz a.c. and 28-volt d.c. NOTE: T,
shape of the plug and the spacing of the pins in
the receptacle make it impossible to plug the
wrong type cable into the aircraft.

When applying electrical power to an air-
craft, park the NC-5 in a position so that the
cable will reach without causing a load on the
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external power receptacle. The weight of the
cable might cause damage to the structure
around the receptacle.

Insure that the power unit exhaust is not near
the skin of the aircraft. The heat from the ex-
haust could cause damage to the skin or the
paint finish.

Servicing an aircraft with an NC-5 should
always be a two-man job. The driver should re-
main at the wheel and operate the generator drive
unit and the throttle. The second man should
operate the unit's electrical system andplug the
power cables into the aircraft.

Before engaging the generator drive unit,
make sure that the transmission is in neutral.
Much damage is caused throughout the Navy by
carelessness in the operation of mobile electric
power units. No one should attempt to operate
any type of mobile electrical equipment unless
he is a qualified operator. NOTE: Ground sup-
port equipment schools are being operated at
all naval air stations to train operators of units

NOSE GEAR
STRUT

SHOE

such as the NC-5. All activities require a spe-
cial operator's permit for the operators of these
units.

After completing the turnup or checkout of
equipment, the power cable should be removed
from the external power receptacle and stowed
in the container which is provided on the unit.
Many times a year aircraft are e Imaged
by careless NC-5 operators driving off from the
aircraft with the cable still plugged in. Care
should be taken to insure that the cable is not
dragged on the taxi way behind the power unit.
Dragging severely damages the cable, and
cables are quite expensive. Before driving the
unit away from the aircraft, check to insure that
the generator drive unit is disengaged.

NC-7 Electric Power Unit

The NC-7 shown in figure 10-31 is powered
by a V-8 gasoline engine and contains two d-c
generators, an a-c generator, a control console

JACKING NOSE GEAR

Remove the standard jacking
adapter from the jack

rnsts11 the special jacking sdapter

JACK
ADAPTER ',chock main gear wheels firmly

Pull-out on the shoe locking

pin and slide the shoe onto
the adapter as shown and
jack strut to desired height

WCKING
PIN

Figure 10-28.Jacking one wheel.
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-- A ( !VERNAL POWER SWITCH GUARD

A C TUNAS POWER SWITCH

POWER DISCDPINKTID

Aitk 013)

A-c Mani itIORIC POWER MANI

RECEPTACLE GUARD

;WIN POSIIIONI

-----40WIR PLANT CAW PWG

Figure 10-29.NC-5 mobile electric power unit application.

for control of the engine kindboth electrical sys-
tems, and a propulsion system for moving the
unit under its own power. Access doors arepro-
vided for the contrOl eonsole, engine, battery,
cable stowage, and tool compartments.

The a-c electrical power system provides
120/208-volt 3-phase, 400-Hz power for serv-
icing aircraft a-c components. The d-c gener-
ators provide an output of 28 volts and are rated
at 750 amperes contimious and 1,000 amperes
intermittently. The outputs from the two d-c
generators are used for jet engine starting and
servicing d-c components. Also, the output from
one of the d-c generators is used tc power the
self-propulsion system.

A hand control unit is provided on the tow
bar for controlling the unit during self-propel-
ling operations.

CAUTION: Do not move the power unit by
means of the self-propulsion mechanism while

414
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supplying power to an aircraft. Under no condi-
tion is the unit to be used as the prime mover
for towing other equipment.

The self-propelling feature should be used
only when moving from one aircraft to another
or from the line to the hangar and back as nec-
essary if the distance is not too great. For
greater distances-the unit should be towed.

Most of the electrical power units tend to be
slightly topheavy. When driving or towing such
units the speed should be held to a minimum to
prevent the possibility of turning the unit over.
For example, the towing speed for the NC-7 is
20 MPH maximum.

GAS TURBINE COMPRESSORS

The gas turbine compressor is used to pro-
vide pneumatic power in the form of compressed

3 4)
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AC POWER f:ECEPTACLE
115 200 VOLT, 3: 41)

CYCLE
7/

,)
DC POWEP PECIPTACIF
Xi COlT DC

c

40 01 10 1

ACCESS DOOP --,--/

AM. 222

Figure 10-30.External power receptacle.

bleed air for the operation of pneumatic equip-
ment such as aircraft engine starters and air-
conditioning systems, and for testing units such
as the ram-air turbine. Gas turbine compressors
are largely self-contained and require only an
outside source of fuel and oil to maintain a con-
stant output.

The Model NCPP-105 compres:,or power
unit, shown in figure 10-32, is a cc aiplete, self -
contained unit consisting of a flyawai assembly
enclosed in a skid-mounted, weather-resistant
enclosure. Some models of the NCPP-105 are
mounted on trailers for ease of movement from
aircraft to aircraft or place to place. The NCPP,
105 supplies compressed air, at two pressure
ratios (5:1 and 3X:1), for aircraft engine start-
ing, and a-c and a-c electrical power for opera-
tion of aircraft a-c and d-c electrical

Figure 10-31.Mobile Electric Powerplant (NC-7B).
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MUFFLER ASSEMBLY

BLEED AIR
OUTLET

CABLE
STOWAGE

ENCLOSURE\

77:77211111'.151

CONPANTREOLL

ASSEMBLY

STRUCTURE ASSEMBLY

BASE ASSEMBLY

FORWARD AND AFT
ENCLOSURE (HINGED)

FUEL TANK

BLEED AIR DUCT STOWAGE

AM. 903
Figure 10-32.Model NCPP-105 compressor power unit.
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Chapter 10LINE OPERATIONS AND MAINTENANCE

components. The NCPP-105 is equipped with a
remote cable assembly, an a-c output cable, a
d-c output cable, and a bleed air duct assembly.

The unit enclosure consists of a forwardand
aft enclosure (hinged together), a cable stowage
enclosure, muffler azserably, fuel tank, struc-
ture assembly, and a base assembly.

The flyaway assembly, shown 1, figure10-33,
'is normally operated while in the NCPP-105 unit
enclosure, with the d-c power supply mounted in
the forward enclosure. However, when it is re-
quired to transport the flyaway assem')lyby air-
craft to a temporary location, the .1-c power

supply is removed and relocated on the flyaway
assembly structure. The fuel line and a-c and
d-c electrical output cables are disconnected.
the forward and aft enclosures are lifted off the
structure assembly, and the flyaway assembly
is then removed from the base assembly. The
flyaway assembly, with its remote cable, a-c
and d-c electrical output cables, and bleed air
duct assembly, upon arrival at its temporary
location, can be operated by attaching it to a fuel
supply.

NOTE: The NC PP-105 flyaway assembly can-
not be hung as an external store and must

DC POWER SUPPLY
(RELOCATION)

;

a

tr.p.
r

,

14,

Figure 10-33.NCPP-105 flyaway assembly,
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AVIATION STRUCTURAL MECHANIC E 3 & 2

be transported inside a transport or cargo type
aircraft.

The control panel, shown in figure 10-34, is
part of the flyaway assembly and is located on
one end of the NCPP-105 unit. The control panel
contains the operating instructions for the oper-
ation of the unit. Table 10-2 is a list of all the
controls, indicators, and connectors located on
the NCPP-105 control panel and should be used
in ..:onjunction with figure 10-34.

The NCPP-105 is intended for ground use
only and because it is skid-mounted, should be
strategically placed along the line so that it can
be used to service more than one aircraft without
having to be moved.

.0.

Only qualified operators should attempt to
operate this type equipment. Training on this
type equipment is usually included in the avia-
tion support equipment school operated at naval
air stations.

Gas turbine compressors may be damaged
by trash, tools, or other foreign objects which
may be left near the inlet duct. When the com-
pressor is operating, the following precautions
should be adhered to:

1. Stand clear of the air inlet. Like aircraft
jet engines, these units take in large quantities
of air.

2. Stand clear of the exhaust, and position
the unit so that the exhaust does not strike the
aircraft.

AM. 905
Figure 10-34.NCPP-105 cont:ol panel.
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Chapter 10LINE OPERATIONS AND MAINTENANCE

Table 10-2.Controls, indicators, and connectorsNCPP-105.

Index No.
(figure 10-34)

Nomenclature Rinction
Preliminary
Setting or
Indication

1 Indicator (M1) Indicates engine rpm in pereentage. zero

2 Dante Assembly (DS7) Illuminates panel, off

3 Meter (M6) Indicates a-c voltage. zero

4 Dome Assembly (DS8) Illuminates panel. off

5 Meter (M5) Indicates a-c amperes. zero

6 Dome Assembly (DS9) Illuminates panel. off

7 Meter (M4) Indicates d-c amperes. zero

8 Meter (M3) Indicates d-c voltage. zero

9 Switch (S8) Selects meter indication of output
or battery.

OFF

10 Switch (S7) Controls d-c power. OFF

11 Dome Assembly (1)84) Indicates d-c power. off

12 Dome Assembly (D86) Indicates a-c overvoltage. off

13 Dome Assembly (DS5) Indicates a-c power. off

14 Switch (S6) Selects meter indication of a-c phase. OFF

15 Dome Assembly (DSII) Illuminates panel. off

16 Switch (S5) Controls and resets a-c power output. OFF

17 Circuit Breaker (CB2) Controls control circuit. off

18 Circuit Breaker (CBI) Controls power switches, off

14 Switch (54) Controio panel 'lights. OFF

20 Dome Assembly (DS10) Illuminates panel. off

21 Switch (S3) Selects air ratio output. OFF

22 Dome Assembly (D52) Indicates airflow. off

23 Dome Assembly (DSI) Indicates ready for power delivery. off

24 Dome Assembly (DS3) Indicates high oil temperature. off

25 Switch (S2) Controls power to starter relay. off

26 Switch (SI) Controls power to panel. off

27 Indicator (M2) Indicates engine exhaust temperature. zero

28 Gage Indicates engine air pressure. zero

29 Gage Indicates engine oil pressure. zero

30 Circuit Breaker (CI33) Controls power to starter. closed

31 Circuit Breaker (CBS) Controls d-c power to output cable. closed

32 Receptacle (.J 12) Auxiliary d-c starting and charging
input.

*33 Receptacle (310) Connection for remote cable.

34 Plug (.111) Provision for battery heater.

*Used on power units bearing Part No. 64A90-F1. For power units bearing Part No. 64A90 - F1-2,
connection for remote cable is located on the aft enclosure.
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3. stand clear of the plane of rotation of the
turbine compressor. This area is clearly defined
and marked on the eciuipment.

4. Do not connect or disconnect the ducting
while the unit is operating.

5. Do not connect or disconnect the electri-
cal cables while the switches are ON.

6. After servicing the aircraft, always stow
the cables and ducting in the space designed for
them.

4

420



A

Accessories manuals, 20-21
Acrylic lacquer, 105-106
Advancement, 3-10

active duty requirements, 5
inactive duty requirements, 6
preparing for, 4-10
qualifying for, 4

Aircraft Application List, 13
Aircraft cleaners, 68-72
Aircraft cleaning procedures, 72-74
Air-conditioning systems, 109-161

air cycle type, 110-141
description, 110-127
maintenance, 128-141

vapor cycle type, 141-161
description and operation, 142-153
maintenance, 153-161

Aircraft engine oils, identification of, 390
Aircraft handling, 373-385

firefighting procedures, 385
FOD prevention, 384
protective covers, use of, 379
safety precautions, 379-384
spotting, 376
taxi signalman, 373
tiedown, 377-379
towing, 374-373
tow bars, 375-376

Aircraft jacking, 407-411, 412,413
kircraft lubricants, 404-405

application of, 405-407

Aircraft manuals, 16-20
Aircraft painting, 104-106
Aircraft preservation, 76-78
Aircraft servicing, 385-404

CSD's, 391-392
defueling, 390
engine oil, 390-391
fueling, 385-390
hydraulic fluid, 392-393

INDEX

Aircraft servicing Continued
oxygen:

gaseous, 393-395
liquid, 395-399

pneumatic, 399-404
compressors, 401
high-pressure valves, 401
nitrogen trailers, 399
storage tottles, 402,403
tires, 402-404, 405

Aircraft tiedown, 377-379
Aircraft towing, 374-376
Air valves, high-pressure, 401-402
Aliphatic naphtha, 69
Allowance lists, 15-16
Aluminum, corrosion of, 82-83
AM rating, 1-3

duties, 3
paths of advancement for, 1-2

Anti-g systems, 173-180
components, 173-176

composite disconnect, 176-180
filter, 176
pressure regulating valve, 173-176

maintenance, 161-182
Anti-icing systems, 188-194

components, 188-193
description and operation, 188
maintenance, 193-194

Approach magazine, 25-26
Armed aircraft precautions, 384
Aromatic naphtha, 69
Atmospheric considerations, pressurization

and air-conditioning, 110
Atmospheric pressure, 109-110
Auxil'ary bleed-air systems, 162-184

Bailout cylinder (oxygen), 232
Battens, 380
Bending of tubing, 42,44, 46, 47
Blast, vapor, dry honing, 97-102
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Bleed-air systems. (See type of
system desired.)

Blowout screen, 383
Bomb bay heating system, 194-195

description and operation, 194
maintenance, 195

Bottles, storage, servicing of, 402
Brakes, overheated, 382-383
Brazed tubing assemblies, 53-55, 56
Bulletins, 23-25

Cadium, corrosion of, 83
Canopy actuation systems, 267-282

electrical, 267-275
emergency operation, 267-272
normal operation, 267
manual release operation, 272-273
maintenance, 273-275

hydraunc, 278-282
components, 281
description/opera';on, 27-280
maintenance, 281-282

pneumatic, 275-278
emergency operation, 275-277
maintenance, 277-278
manual operation, 277
normal operation, 275

Canopy bungee system,
A-4E, servicing of, 402, 403

Canopy seal systems, 168-173, 182
electrical, 168-171
mechanical/hydraulic, 171-173
maintenance, 182

Carbon dioxide, 195
Carbon m9nox1de, testing for, 140-141
Cartridge initiator (canopy), 270-272
Cartridge, Martin-Baker, 298-308, 331-333

age limitations, 300
Changes, Aircraft, 23-25
Charging valves, air-conditioning
system, 152

Charts, lubrication, 406 407
Check valve, pressurization system, 131
Chemical surface treatments, 102, 104
Clamps, 63-64
Cleaners, aircraft, 68-72
Cleaning equipment, 71
Cleaning materials, 68-71
Cleaning methods and procedures, 71
Cocking tool (Martin-Baker), 35, 41, 42
Composite disconnect, 176-180
Compressor, air-conditioning
system, 150-151

Compressors, gas turbine, 414-420
Compressors, servicing of, 401
Condenser ejector shutoff valve, 152
Constant speed drive (CSD) assemblies,
servicing of, 391-392

Control valve, canopy defog, 165
Contamination control, LOX, 265-266
Converters, LOX, 244-246

draining of, 256
Coolanol 35, 204
Copper, corrosion of, 83
Corrosion control, 65-108

appearance of corroded parts, 82-83
chemical surface treatments, 102, 104
corrosion elimination, 92-102

removal of corrosion, 95-102
vapor blasting, 97-102

removal of paint, 92-95
corrosion prone areas, 78-82
covers and shrouds, 74-75
damage limits, 102-104
detection methods, 86-92

penetrant inspections, 86-91
interpreting results, 91-92

forms of corrosion, 83-86
ground handling requirements, 75 (6
painting, aircraft, 104406
preservation, aircraft, 76-78
preventive maintenance, 67-78
sealants, 106-108
surface maintenance, 68-74

cleaning methods, 71
materials, 68-71

Vacu-BLast dry honer, 97-102

Couplings, pressurization system, 131
Covers and shrouds, use of, 74-75, 379
Crossfeed, 26
CSD's, servicing of, 391-392
Cutting of tubing, 41-42, 45
Cutting tools, 28, 29

Defrost/defogging systems, 162-165
Defueling, 390
Deicer systems, 184-188

components, 184-187
maintenance, 187-188

Directive Application List, 13
Dissimilar metal corrosion, 85
Drogue gun, 294-296, 327, 368
Drycleaning solvent, 69
Ducting, p:essurization system, 117, 130
Dye-penetrant inspction, 86-91
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Egress system, 267-372
Ejection seats, 282-272

ESCAPAC, 334-364
component description, 340-358

ejection equipment, 340-345
safety eqlipment, 357-358
separation equipment, 345-355
survival equipment, 355-357

ejection sequence, 337-340
maintenance, 358-363

M i rt .7K GRU-7), 321-334
functional testing, 329

24-329
,Teration, 321-334

. Jn, arming and
dearming, 331-333

Aafety precauLons, 323-324
seat buildup, 329-331

NIartin-13aker (MK H-7), '82-321.
description, 282-2?...3
ejection sequence, 28,3-291
emergency operation, 283-286
component description, 291-298
maintenance, 300-320

cartridge removal and
installation, 306-308

dearming and arming, 301-306
functional checks, 309-315
operational check, 315-320
safety precautions, 301
seat bucket check, 301
seat removal and

installation, 308-309
North American (12,S-1), 364-372

description/operation, 364-371
maintenance, 371
safety, 371-372

Electrical sym ols, 136
EmAsion cleaners, 70
Enamel finishes, aircraft, 106
Engine noise, hazards of, 381

Engine oil replenishment, 390-391
Enlisted rating structure, 1
Epoxy primer, 105
Equipment and Subject Applicability List, 13

Equipment Applicability List, 12-13
ESCAPAC seat. (See Ejection seats.)
Fvaporator, 149-150
Exhaust areas, hazards of, 381
Expansion valve, 147-149

Fatigue corrosion, 85
Fault symtom index, 205, 207
Filiforri. corrosion, 86
Fill and bleed cart, liquid
co,Thlant system, 208-210

Filler valves, LOX, 246-247
Filter-dryer, air-conditioning system, 147
Fire extinguishing systems, 195-199

CI.'
3

lir, 135-199

CO2' 195

maintenance, 196-199
safety precautions, 199

Fittings for fluid lines, 39-40,44
fla:ed, 39-40, 44
flareless, 40, 44
metal lip-seal, 40, 44

Flared-tube fittings, 39-40, 44
Flareless-tube fittings, 40, 44
Flaring of tubing, 44-48, 49
Flexible hose, 57-63

rubber, 57-60
description, 57
fabrication and replacement, 57-59
installation, 59-60

Teflon, 60-63
description, 60
maintenance and inspection, 60-63

Flight deck safety, 383-384
Flight line hazards, 379-383

engine noise, 381
exhaust area, 381
intake ducts, 379-383
movable surfaces, 382
overheated brakes, 382-383
seat ejection mechanisms, 382

FOD, 384
Forms of corrosion, 83
Freon, description and use, 141

safety precautions for, 159
Fretting corrosion, 85-86
Fueling, 385-390
Fuels, aircraft, identification of, 385-386
Full power tiedown, 381

Gages, oxygen, 225, 226
Galvanic metal corrosion, 85
Gaseous oxygen, 216-245
Gas turbine compressors, 414-420
Gravity fueling aircraft, 387-388
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Grease guns, 405-406
Greases, types of, 404-405
Guillotine assembly, 296

Handling aircraft. (See Aircraft ha: ing.)
High-pressure air valves, 401
Holding tools, 30, 33
Hose. !See Flexible hose.)
Hydraulic fill stand, 393
Hydraulic fluid servicing, 392-393

Illustreed "arts Breakdown, 19
Inertia reel, 296, 368
inspection of metals (dye penetrant), 86-92
Instructions and Notices, 25
Intake ducts, hazards of, 379-383
Intergranular corrosion, 84
Iron and steel, corros.Jn of, 82

Jacking, aircraft, 407-411, 412, 413

Leakage checking, oxygen system, 234-236
Leaks, repairing of 256
Letter type publications, 22-25
Life rafts ejection systems, 199-202

description and operation, 199-201
maintenance, 201-202

Liquid coolant systems, 202-2 0
description and operation, 202-205
maintenance, 205-210

Liquid oxygen, 243-266
Locking device, surface control, 380
Loe servicing unit, 394
Lubricants, 404-405

methods of application, 405-406
Lubrication charts, 406-407

Magnesium, corrosion of, 83
Maintenance Instructions

Manuals, 16-17, 18
Manual type publications, 14-22

Martin-Baker ejection seats.
(See Ejection seats.)

Mass flow control valve, pressurization
system, 120

MD-1, MD-2, oxygen regulators, 222
MECH, 26
Mechanical cleaning materials, 70
MEPP's, 411-414, 415

NC-5, 412-413
NC-7, 413-414, 415

Metal lip-sea; fittings, 40, 44
Methyl ethyl ketone (MEK), 69-70

Microbiological corrosion, 86
Mineral spirits, 69
Movable surfaces, hazards of, 382

NATOPS Flight Manual, 16
Naval Aviation News, 25
NavTra 10052, 8-9
Navy Training Manuals, 9-10

NC-5, 412-413
NC-7, 413-415
NCPP 105, 41:,--420

Nickel, corrosion of, 83
Nitrogen trailers, servicing of, 399
NO-2 oxygen trailer, 238-239
North American ejection seat. (See

Ejection seats.)
NT-4 tow bar, 375-376
Numerical Sequence List, 11-12

0

Oil filter, air-conditioning system, 152
Oil flow indicator, air-conditioning
system, 152

Oil separator, 151-152
Ordnance publications, 22
Outfitting Lists, 15-16
Oxygen:

anoxia and hypoxia, 214-215
characteristics of, 215
i.mportance of, 213
responsibilities of AME, 216
types of, 215-216

Oxygen.cylinders, 217
Oxygen gages, 225-226
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Oxygen regulators, 217-222
diluter-demand, 217-219
installation, 237
leakage, 236
MD-1 and MD-2, 222
positive pressure, 220-222
preflight inspection of, 236

Oxygen servicing trailers:
gaseous type, 238-242

components, 238
maintenance, 240-242
operation, 238-239

liquid type, 259-266
description, 259-261
maintenance, 264-266
operation, 261-264

Oxygen systems, ail-raft:
gaseous types, '1 6 2, 7

components in, '...,E-226
maintenance of, 232-242

checkout of system, 237-238
leakage, 234-236
purging, 233-234

operation, 226-232
servicing, 393-395

liquid types, 243-259
components, 244-252

containers, 246
converters, 244-246
filler valves, 246-247
heat exchangers, 248
pressure control valves, 247
quantity indicating, 248
regulators, 248-252

maintenance, 256-259
draining converters, 256
installation of components, 258-259
purging, 256-258
repairing leaks, 258
testing, 258-259

operation, 252-253
buildup sequence, 253
fill sequence, 253
supply sequence, 253

servicing, 395-399

Oxygen tubing, 222-223
Oxygen valves, 223-225

Packaging and barrier materials, 78
Painting, aircraft, 104-106
Paint removal, 92-95
Paints, aircraft, 105-106
Penetrant inspection, 86-92

Periodic Maintenance
Requirements Manual, 19

Personnel Qualification
Standards (PQS), 7-8

Pitting corrosion, 84
Plane director, 373
Pneumatic system servicing, 399-404

compressors, 401
nitrogen trailers, 399
storage bottles, 402, 403
tires, 402-404

Portable oxygen syst s, 227
Preservation materials, 77-78
Preservation of aircraft, 76-78
Presetting of tubing, 48-50
Pressure fueling aircraft, 387-390
Pressure regulators, cockpit, 122-124, 128
Pressurization and air-conditioning
systems, 109-161

air-cycle type, 110-141
basic revirements, 110-111
components, 117-127

cabin air pressure safety
valve, 124-126, 127

check valve, installation, 131
cockpit air outlets, 121
couplings, 131, 134-135
ducting, 117, 130
mass flow control valve, 121
refrigeration units, 120-121, 122,
128-129

shutoff valve, 118-120
temperature control vlves, 120

description and operation, 111-117
equipment cooling and pressuriza-

tion, 113-117
maintenance and inspection, 127-141
operational checks, 139-141
seals, 132-133
testing for carbon monoxide con-
tamination, 140-141

troubleshooting procedures, 133-139
vapor-cycle type (air condition-

ing), 141-161
components, 146-152

compressor, 150-151
evaporator, 149-150
filter-drier, 147
oil se,jarator, 151-152
receiver, 147
subcooler, 146-147
thermostatic expansion
valve, 147-149

description and operation, 142-146
maintenance and servicing, 153-161
theory, 141-142

425

4- 4 1



AVIATION STRUCTURAL MECHANIC E 3 & 2

Protective covers, 74-75
Publications, aeronautic, 11-26

Index, 11-14
Aircraft Application List, 13
Directives Application List, 13
Equipment and Subject Applicability
List, 13

Equipment Applicability List, 12-13
Numerical Sequence List, 11-12
Updating, 13-14

letter material, 22-25
Bulletins, 23-25
Changes, 23-25
Instructions and Notices, 25
Technical Directives, 22-25

manuals, 14-22
accessories, 20-21
aircraft, 16-20

flight manual (NATOPS), 16
IPI3, 19
MIM, 16-17, 18
PMRM, 19
structural repair, 17, 19
weight and balance, 20
'nance, 22

salety precautions, 21
support equipment, 21

numbering system, 14, 24
letter material, 24
manuals, 14

security of, 14

Purge valves, air-conditioning system, 152
Purging. oxygen systems, 233-234, 256-258

"Quals" Manual, 4, 7

Raft, life, ejection systems, 199-202
Rain removal systems, 167
Rapid Action Change (RAC) System, 15
Record of Practical Factors, 8
Refrigeration units, 120-121, 122, 128-129
Regulator-shutoff valve, defog, 163-164
Regulators, oxygen,.217-222, 248-252
Rocket motor, 294, 328-329

Removal and installation 328-329

Am,

Safety Precautions Nlanual, 21
Safety solvent, 69
Safety valve, pressurization '.:ystem, 124-126
Sealants, 106-108
Seals, pressurization system, 132-133
Shutoff valve, canopy defog, 164-165
Shutoff valves, pressurization system, 118-120
Solvent-emulsion cleaning, 72
Solvents, 69-70
Storage bottles, servicing of, 402
Stress Corrosion, 85
Striking tools, 30, 33
Structural Repair Manual, 17, 19
Subcooler, 146-147
Support Equipment Manuals, 21
Surface maintenance, 68-74
Survival equipment, 355-357
Survival kit, oxygen systems, 229-232

TD-1 tiedown, 379
Technical " rectives, 22-25
Teflon hose, 60-63
Temperature-control valves, 120, 164
Tensiometers, 32, 35, 38
Thermal radiation protection systems, 210-212
Tires, servicing of, 42-404
Titanium, corrosion of, 83
Toolboxes, 27-28

Tools, 27-42
custody, 27
inventory, 27-28
procurement, 27
types, 28-42

cutting, 28, 29
holding, 30, 33
miscellaneous, 30, 34
special, 30-42

ejection seat, 35, 39, 40, 41, 42, 333
spanner wrenches, 32, 36, 37
tensiometers, 32, 35, 38
torque wrenches, 30, 35

Torque, application of, 30
Torque values for tubing fittings, 52, 53, 57
Torque wrenches, 30, 35
Touchup painting, 104-105
Trifluorofromomethane, 195
TRIM (Trail Roads Interdiction Multi-
Sensor), 202-210
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Tubing, 35-57
bending, 42, 44, 46, 47
brazed assemblies, 53-55, 56
cutting, 41-42, 45
fittings, 39-40, 44
flaring, 44-48, 49
identification, 36-37, 43
installation of, 51
layout of lines, 41
oxygen system assemblies, 55, 57, 222-223
presetting, 48-50
removal and replacement, 40-57
sizes, 38-39
torque values, 52, 53, 57

Turnup fires, extinguishment of, 385

li

Utility systems, 162-212
(See system desired.)

V

Vacu-Blast dry honer, 97-102
Valves, high-pressure air, 401
Valves, oxygen, 223-225
Vapor cycle air-conditioning system, 141-161

description and operation, 142-153
maintenance, 153-161

Vent-air systems, 180-181

Walkaround cylinders, oxygen, 227-228
Washing valve, windshield, 165-168
Water emulsion cleaning, 72
Water rinse clea.aing, 72
Water separators, 126
Weight and Balance Data, Manual, 20
Wheel brakes, overheated, treatment of, 382-383
Windshield washing, anti-icing, and rain

removal systems, 165-168, 182

4- 4 3
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